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Preface
This dissertation contains three separate manuscripts regarding personality in
Florida scrub-jays, Aphelocoma coerulescens, with introduction and conclusion sections.
Chapter 1, the introduction, and Chapter 5, the conclusion have been formatted based on
the guidelines for Animal Behaviour. Chapter 2, Long-term repeatability of neophobia in
a moderately long-lived passerine, the Florida scrub-jay, Aphelocoma coerulescens, is
formatted for submission to Animal Behaviour. Chapter 3, Florida scrub-jays,
Aphelocoma coerulescens, with a low corticosterone stress response become more
neophobic after capture, is formatted for submission to Hormones and Behavior. Chapter
4, Associative learning is inversely related to reversal learning and varies with nestling
corticosterone exposure, has been published in Animal Behaviour (Bebus, Small, Jones,
Elderbrock, & Schoech, 2016) and is presented here with formatting based on the
guidelines of the journal.
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Abstract
Bebus, Sara Elizabeth. Ph.D. The University of Memphis. May, 2016. Individual
differences in neophobia: relationships with stress-physiology, experience, and learning.
Major Professor: Stephan J. Schoech.

Consistent, intraspecific variation in behavior, termed animal personality, has been
demonstrated in a wide variety of taxa. While the theoretical ecological and evolutionary
implications of personality have been recognized, there are critical gaps in knowledge.
For example, though behavior may be less repeatable over time, few studies have
measured long-term consistency. I determined long-term repeatability of neophobia and
examined factors that may influence neophobia. Then, I tested whether ‘bold’ behavior
was consistent across contexts and related to stress-physiology, as predicted by the
coping style model. While personality limits behavioral plasticity, individuals still may
adjust their behavior based on environmental conditions. I investigated how a change in
environmental risk may influence neophobia and whether an individual’s stress-response
influences their reaction to risk. Finally, I compared the relationships among personality,
learning, and stress-physiology to determine if differences in performance on learning
tasks were related to personality. I investigated neophobic behavior, as it can be assayed
in situ in free-living Florida scrub-jays, Aphelocoma coerulescens. Neophobia was
repeatable in individuals. Older birds were more neophobic, which may be due to
selective mortality on bolder individuals. Boldness near a novel object correlated with
boldness in a non-novel context, but was not related to stress-responsiveness. In a
separate study, individuals were more neophobic after a “predation attempt” (i.e.,
standardized capture and restraint) and the effect was conditional on physiological
profile, with low stress-responders the most hesitant to approach a novel object after
iv

capture. When I examined cognition, I found that individuals experienced a trade-off in
performance between types of learning which correlated with personality. Corticosterone
exposure during the nestling period was correlated with learning as an adult. Low levels
of corticosterone were associated with better associative learning performance and high
levels with better reversal learning performance. These findings provide evidence that
variation in sensitivity to environmental conditions, as reflected by an individual’s
personality, underlie the strategy individuals use to perform cognitive tasks (i.e.,
cognitive style). Overall, the results of this dissertation contribute to gaps in knowledge
of animal personality and demonstrate that the Florida scrub-jay provides a suitable
model for further investigation of the causes and consequences associated with
personality.
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Chapter 1. Introduction
Traditionally, individual differences in behavior were dismissed as ‘noise’ around
an optimal mean (Dall, Houston, & McNamara, 2004; Wilson, 1998). However in recent
years, intra-species variation has become a focus in the study of animal behavior (e.g.,
Carere, Drent, Privitera, Koolhaas, & Groothuis, 2005; Sih, Bell, Johnson, & Ziemba,
2004; Wilson, 1998) and has been recognized as adaptive (Dall et al., 2004). Individual
differences in behavioral responses to different types of stimuli or situations have been
described as personality, coping styles, temperament, and behavioral syndromes
(Gosling, 2001; Koolhaas et al., 1999; Réale, Reader, Sol, McDougall, & Dingemanse,
2007; Sih et al., 2004) and have been demonstrated in a wide range of taxa (e.g., bluegill
sunfish, Lepomis macrochirus, Wilson, 1998; great tits, Parus major, Carere et al., 2005,
additional species reviewed in Gosling, 2001). While the existence of animal
personalities is now well-established, the proximate causes and consequences of
personality differences are not well understood.
In my dissertation research, I addressed questions about the long-term nature of
personality, internal and external environmental influences, and its relationship with
stress physiology. I also investigated how a change in environmental risk affects
personality based on physiological profile. Finally, I examined the relationships among
learning, personality, and stress physiology.
The Florida scrub-jay, Aphelocoma coerulescens, was an excellent model species
to explore these research questions. Scrub-jays are known for being ‘tameable,’ and
readily take peanuts provided to them by humans (Woolfenden & Fitzpatrick, 1984). This
allowed me to use food as a motivator to conduct behavioral assays in the field. Florida
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scrub-jays are sedentary and remain near their natal territory (dispersal distances are
generally < 1 km), and, consequently, individuals may be tracked throughout their
lifetimes (Woolfenden & Fitzpatrick, 1984; Schoech, Rensel, & Wilcoxen, 2012). This
allowed me to repeatedly assay individuals over multiple years and to determine
survivorship.
In chapter 2, I measured the long-term repeatability of neophobia using 8 different
novel object tests over 4 years. Using the same dataset, I determined which, if any,
internal state or external environmental factors are related to neophobia. I also tested
predictions of the traditional coping style model, namely that neophobia would correlate
with a non-novel risk-taking behavior and with stress-induced corticosterone within
individual scrub-jays.
In chapter 3, I examined the effect of environmental risk on neophobia by
subjecting individuals to a simulated predation attempt (capture and handling) and then
assessing their neophobia level with a novel object test. I also investigated the influence
of physiological profile on an individual’s later behavioral response (neophobia) to the
capture experience.
In chapter 4, I assessed learning in scrub-jays with a color-based associated
learning task, followed by a reversal of the task. Within individuals, I compared
performance in the associative and reversal tasks and compared learning to personality
(neophobia and exploratory behavior). I also examined the relationship between an
individual’s learning performance as an adult and its baseline levels of corticosterone
when a nestling, as well as links between learning performance and adult levels of stressinduced corticosterone.
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Chapter 2. Long-term repeatability of neophobia in a moderately long-lived
passerine, the Florida scrub-jay, Aphelocoma coerulescens
Introduction
Animals of many species display individual differences in their behaviour that are
repeatable over time or across contexts (described as personalities, behavioural
syndromes, temperament, and coping styles; Gosling, 2001; Koolhaas et al., 1999; Réale,
Reader, Sol, McDougall, & Dingemanse, 2007; Sih, Bell, & Johnson, 2004). Individuals
experience changes over their lifetimes that could affect their personalities (Bell,
Hankison, & Laskowski, 2009). These include age related changes, such as maturation to
adulthood and obtaining a mate and territory, as well as more unpredictable changes,
such as yearly and seasonal fluctuations in food availability and predation pressure or
changes in social group composition. Indeed, repeatability of an individual’s behaviour
often decreases over time, likely because both an individual’s internal state and external
environment are more likely to have changed with longer retesting intervals (Bell et al.,
2009; David, Auclair, & Cézilly, 2012).
Studies of personality have mostly examined short-term (days to weeks) time
frames. Long-term studies that take place over months or years are lacking, and few
studies assess individuals with a retesting interval of one year or more (Carere, Drent,
Privitera, Koolhaas, & Groothuis, 2005; Chervet, Zöttl, Schürch, Taborsky, & Heg, 2011;
Debeffe et al., 2015; Dingemanse, Both, Drent, Van Oers, & Van Noordwijk, 2002;
Gabriel & Black, 2010; Grace & Anderson, 2014b; Highfill & Kuczaj, 2007; Patrick,
Charmantier, & Weimerskirch, 2013; Réale, Gallant, Leblanc, & Festa-Bianchet, 2000).
The longest intra-test interval we are aware of in free-living animals is four years
4

between assessments in two different species of long-lived seabird: wandering
albatrosses, Diomedea exulans, (Patrick et al., 2013) and Nazca boobies, Sula granti,
(Grace & Anderson, 2014b).
While personality and related terms are not defined by consistent behaviour over
the lifetime of an individual (Gosling, 2001; Sih & Bell, 2008), determining whether
repeatability exists over longer time frames will inform our ability to make accurate
predictions of the causes and consequences of personality, both at the proximate and
ultimate level. In shorter-lived species, inter-assay intervals approach the lifespan or a
large fraction of the lifespan expected for the species. For example, in a cichlid,
Neolamprologus pulcher, neophobia and exploration tests were repeated up to 3.3 years
apart, nearing the maximum lifespan (Chervet et al., 2011), and zebra finch, Taeniopygia
guttata, have been tested at 7 and 10 month intervals, approximately 15-25% of their
lifespan (David et al., 2012; Wuerz & Krüger, 2015). However, longer-lived species
likely experience more changes to their internal state and external environment that may
affect personality, simply due to the longer amount of time for changes to accrue.
The coping style model predicts that individuals display correlated suites of
behavioural traits and physiological profiles based on the manner in which they respond
to stress (Cockrem, 2007; Koolhaas et al., 1999). Reactive individuals exhibit high levels
of neophobia and low levels of aggression, are slow explorers in novel environments, and
exhibit high hypothalamic-pituitary-adrenal (HPA) axis reactivity. Corticosterone (in
birds, rodents, and herptiles) and cortisol (in most mammals and most fish), both termed
CORT, are the main glucocorticoid hormones released as the ultimate product of HPA
axis activation in response to stress. The coping style model was developed to explain
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bimodal differences among individuals in laboratory research with rodent models
(Koolhaas et al., 1999). Additional support for the relationship between coping style
behaviour and HPA axis reactivity has been found in animals selectively bred for a
particular behavioural or physiological response to stress (e.g., high and low stress
responsive rainbow trout, Oncorhynchus mykiss, Ruiz-Gomez, Huntingford, Øverli,
Thörnqvist, & Höglund, 2011; slow and fast exploring great tits, Parus major, Baugh et
al., 2012). The relationship between HPA axis reactivity and proactive/reactive
behaviours is not well explored in free-living species. While fast exploring great tits have
a more reactive stress-induced CORT response than slow explorers (Baugh, van Oers,
Naguib, & Hau, 2013), as predicted by the coping style model, other studies of free-living
species have found only weak relationships between stress-induced CORT and behaviour
(Carroll, Turner, Dann, & Harcourt, 2016; Grace & Anderson, 2014a) or no relationship
(Ferrari et al., 2013).
Our study species, Florida scrub-jays, Aphelocoma coerulescens, may reach a
maximum lifespan of 15.5 years, however, the majority of individuals that survive to
independence (i.e., no longer rely on parents for food) do not reach 10 years of age
(Woolfenden & Fitzpatrick, 1984, 1996). Due to the life history traits of the species, it is
possible to monitor and locate individuals over their lifetimes (Schoech, Rensel, &
Wilcoxen, 2012). In the present study, we tested a personality trait in this moderately
long-lived avian species over 4 years, which comprises a significant portion of their
expected lifespan, to determine: 1) if neophobia is repeatable over multiple years in an
individual; and 2) if external factors, such as group size, specific novel object used, or
year of test, and internal factors, such as sex, age, or breeding status, influence
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neophobia. We also investigated whether Florida scrub-jays exhibit correlations in
behaviour and stress physiology, similar to coping styles. We determined: 3) whether
individuals display similar levels of ‘boldness’ behaviour across multiple contexts; and 4)
whether neophobia correlates with HPA axis reactivity. We focused on neophobia as a
personality trait because it can be assayed in a standardized manner in free-living
individuals. It was particularly important that we did not capture individuals as this has
asymmetrical effects on behaviour (Bebus, Jones, & Schoech, in prep), which could be
compounded over multiple captures.
Methods
Study System
Florida scrub-jays live in family groups consisting of a breeding pair and up to
seven nonbreeding helpers, who are generally older offspring of the breeding pair
(Woolfenden & Fitzpatrick, 1984, 1996). Our study population consists of approximately
200 colour-ringed individuals residing on the southern half of Archbold Biological
Station, Highlands County, Florida (27°19′N, 81°2l′W, elevation 38-68 m), and has been
monitored for over 25 years (Bebus, Small, Jones, Elderbrock, & Schoech, 2016; Rensel,
Wilcoxen, & Schoech, 2010; Schoech, Mumme, & Moore, 1991; Small & Schoech,
2015). Due to regular monitoring of nesting activity, hatch date is known for nearly all
individuals.
For individuals in the present study, sex was determined by genetic sexing of
blood samples collected from individuals as nestlings, except for a few cases when blood
was not collected or individuals immigrated into the population and sex was determined
by behaviour (particularly production of the female-specific, rattle-like ‘hiccup’ call,
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Woolfenden & Fitzpatrick, 1984, 1996). We determined survival and formation of
breeding pairs through censuses of the population (each month between Jan and Jun, as
well as in Aug). Florida scrub-jays are sedentary with short dispersal ranges (< 1 km from
natal territory, Woolfenden & Fitzpatrick, 1996), and we monitor all suitable habitat near
our study site, so when a scrub-jay is ‘missing,’ it is presumed to be dead. Protocols used
in our study were completed under permits issued to SJS from the U.S. Fish and Wildlife
Service (TE-117769) and the U.S. Geological Survey Bird Banding Laboratory (23098)
and approved by the University of Memphis Institutional Animal Care and Use
Committee (0667).
Neophobia Tests
We assessed neophobic behaviour near a novel object in 276 individuals over 4 yr
(Table 1). Tests were conducted on free-living birds in their home territories. Chopped
peanuts (ca. 36 g) were placed on or directly next to a novel object (Fig. 1, see Table 2
for objects and dates). Florida scrub-jays are a caching species (Woolfenden &
Fitzpatrick, 1984, 1996), and thus remain highly motivated to collect peanuts past
satiation. For this reason, we assume motivation is similar among individuals regardless
of recent feeding history (also see Bebus et al., 2016). Novel objects were chosen based
on a few criteria, namely that they were unlike objects commonly encountered within
scrub-jay habitat and of a shape that allowed easy scoring of approach (i.e., symmetrical
and < 18 cm in height). Tests were recorded with a camcorder (JVC HD Everio) on a
tripod approximately 3 m from the novel object. Tests I, II, and V were conducted
between 1345 and 1715 h and all other tests between 0700 and 1115 h. We marked
distances of 30 and 60 cm from the centre of the object using small sticks gathered from
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Table 1
Frequency table with number of novel object tests
Number of tests
1
2
3
4
5
6
7
8
Total
individuals tested
Total with
> 1 score
Total measures

Individuals
91
48
34
33
34
18
17
1
276
185
826

the surrounding area to assist in later data collection from recordings. Tests started once
birds were in the general vicinity of the test site. A researcher stood directly behind the
camera for 2 min, occasionally whistled, and tossed a few bits of peanuts near the novel
object to assure that the scrub-jays were aware of the object and pile of peanuts, then
quickly left the territory. After approximately 50 min, the researcher returned to collect
the test equipment. This protocol differed slightly for tests I and II, when a researcher
tossed bits of peanuts for 2 min then observed from approximately 15 m away for an
additional 5 min before leaving the territory.
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Figure 1. Four of the novel objects used to test levels of neophobia in Florida scrub-jays.
Upper left shows the ring used in test I, upper right shows the ‘disco’ ball used in test II,
lower left shows the mat used in test IV, lower right shows the box used in test VIII. See
Table 1 for further descriptions of the objects.
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Table 2

Test
Number Date
I
Feb – Apr 2011
II
Feb – Apr 2011

N
80
72

Object
Ring
‘Disco’ Ball

III

Jul 2011

105

Pink Hula Hoop

IV

Jan – Feb 2012

116

Mat

V

Jan – Feb 2012

102

Slinky

VI

Jan – Feb 2013

128

Striped Ball

VII

Jul – Aug 2013

100

Silver Hula Hoop

VIII

Feb 2014

123

Box

Description
Plastic ring, 60 cm diameter, ~7 cm high, peanuts in centre
Plastic ball with mirror-like surface, ~ 9 cm diameter, peanuts
around ball, note reflection is diffuse and birds cannot see
themselves (2 days after Ring)
Pale pink plastic hula hoop, 60 cm diameter, ~4 cm high, peanuts
in centre
Rubber mat for textured surface, 30 cm diameter, peanuts placed
in centre
Multi-coloured plastic slinky-style toy with a bath loofah sticking
out of the top, on a cardboard circular base, ~16 cm high, 14 cm
diameter, peanuts around object on base (2 days after Mat)
Plastic ball with purple and white stripes, 12 cm diameter, peanuts
around base
Silver and pink plastic hula hoop, 60 cm diameter, ~4 cm high,
peanuts in centre
Neon pink cardboard box with glitter, ~ 8×8×14 cm, peanuts
around base
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Details for each novel object test

We collected the following data from the first 23.2 min of the digital video
recordings: latency to first approach within 60 and 30 cm of the centre of the object,
latency to first take a peanut, and total time spent within 30 cm of the centre of the object.
If an individual did not approach within 60 or 30 cm or did not take a peanut, they were
assigned the maximum value for that measurement (i.e., 23.2 min). This time frame
provided considerable variance in behaviour, and groups often depleted the pile of
peanuts between 23 and 50 min at which point individuals were no longer motivated to
approach the novel object.
In a few cases, a test was excluded due to poor video quality (e.g., colour
combinations of leg rings were difficult to discern and individuals could not be
definitively identified) or interference by an aggressive red-headed woodpecker,
Melanerpes erythrocephalus. In those cases none of the birds from the territory were
included in our sample for that object. While we were unable to collect data from these
videos, the scrub-jays had, nonetheless, experienced the novel object tests, so they were
included in each individual’s measure of total times tested.
Though scientific “control” in in situ behavioural tests of free-living animals is
reduced compared to laboratory experiments, we believe that in situ assays provide
valuable information regarding an organism’s behaviour within the ecological context in
which they evolved (Archard & Braithwaite, 2010). Similarly, because Florida scrub-jays
are a social species and rarely found alone, we argue that testing personality in a social
setting is essential to understand their natural behaviour (Apfelbeck & Raess, 2008;
Galhardo, Vitorino, & Oliveira, 2012).
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Motivated Approach Distance
We measured motivated approach distance between Mar and May of 2012 and
2013. After attracting scrub-jays, a researcher (BCJ) stood quietly and still within a
territory with peanuts near his feet, then measured the closest distance each scrub-jay
approached. In 2013, approach distance was measured several times within an individual
(2.2 ± 1.1 times [𝑋̅ ± SD, hereafter all cases are presented as 𝑋̅ ± SD], range 1-6). Like
neophobia, approach distance is a measure of boldness. However, the individuals in this
population are familiar with humans and the researcher (BCJ), in particular, so there is no
element of novelty in the approach distance test.
Stress-induced CORT
Scrub-jays were captured in continuously-monitored, peanut-baited Potter traps
between 0730 and 1100 h (to control for diel fluctuations in CORT levels), and subjected
to a standardized capture and restraint protocol (Rensel et al., 2010; Wingfield, Vleck, &
Moore, 1992). We collected blood samples in microhematocrit capillary tubes after
venipuncture of the brachial vein with a 26-gauge needle. All baseline samples were
collected within 3 min of trapping to ensure CORT levels were not elevated due to
capture (Romero & Reed, 2005, but see Small et al., in review). Additional samples were
collected at 5, 15, and 30 min post-capture. Birds were held in loosely woven cloth bags
between time points. Trapping took place in late Jan through Mar of 2011-2014. In 2011,
individuals were captured ca. 1-2 months prior to novel tests. In 2012-2014, novel object
tests were completed before capture.
Blood samples were kept on ice in the field, then centrifuged to separate the
plasma portion from the packed red blood cells. Plasma was kept frozen at -20 ºC until
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assayed. Samples collected in 2011 were analysed with radioimmunoassay (RIA), as in
Schoech et al. (1991) and Rensel et al. (2010). All other samples were analysed using
corticosterone enzyme immunoassay (EIA) kits (Cayman Chemical, Ann Arbor, MI,
U.S.A., catalogue no. 500655) with baseline dilutions at 1:20 and stress series (5, 15 and
30 min) dilutions at 1:100. Our lab previously validated that RIA and EIA produce
similar values (Small & Schoech, 2015).
To determine the amount of CORT released during the capture and restraint
protocol, we measured the area under the curve of the stress-induced CORT response
with Prism v.5.03 (GraphPad Software, Inc., La Jolla, CA, U.S.A.). We corrected for
baseline CORT levels to obtain a ‘corrected integrated CORT’ value (Cockrem &
Silverin, 2002; Rensel & Schoech, 2011).
Statistical Analyses
We measured latency to first approach the centre of the novel object within 60
and 30 cm, latency to first take a peanut, and total time spent within 30 cm of the centre
of the novel object. We combined these measures using principal component analysis
(PCA) to calculate a single neophobia score for each individual in response to each novel
object test (I-VIII). We conducted PCA in SPSS 23 software (IBM Corp., Armonk, NY,
U.S.A.). All other analyses were completed in R (version 3.2.3; R Development Core
Team 2015).
We assessed personality by calculating adjusted repeatability (R) of neophobia
using the “rptR” package (Schielzeth & Nakagawa, 2011). R, also known as the intraclass correlation coefficient, is the proportion of variation that is accounted for by amongindividual variation, and thus is interpreted as the correlation among repeated measures
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within an individual (Nakagawa & Schielzeth, 2010). To control for random and fixed
effects, we calculated “adjusted” R using a mixed-effects model with the “lme4”package
(Bates, Maechler, Bolker, & Walker, 2015). We included the following as random
factors: individual, calendar year, each unique test event, test experience (the total
number of times an individual experienced a novel object test), novel object, and time of
year (pre-breeding or post-breeding). We included sex, age, breeding status, and group
size (number of birds present at test) as fixed effects. The number of birds present at each
novel object test was included to assess the effects of group testing on an individual’s
neophobia score. If individuals are influenced by others during the test, we expect larger
groups to be bolder, as they are more likely to include a bold individual that others will
follow. Preliminary diagnostics of our model indicated that breeding status (breeders vs.
nonbreeding helpers) and age were highly correlated (R2 = 0.71), and both were equally
correlated with the response variable (R2 = 0.22). Therefore, we removed breeding status
from the repeatability model, as age provides a finer scale to differentiate among and
within individuals across repeated measures. There was no variability attributable to the
random factors of calendar year or test object, so they were excluded from the final
model. We ran the repeatability model with 1000 permutations to obtain values of
significance and 1000 bootstrapping simulations to determine confidence intervals. After
determining adjusted R for the full model, we calculated adjusted R for males and
females separately to determine if there were differences in repeatability between the
sexes.
We determined factors that might influence neophobia with a mixed-effects
model, in which we included the same random and fixed effect factors as in the
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repeatability model. In this model and all other instances when we used mixed-effects
models, we estimated F-statistics, adjusted degrees of freedom, and p-values using
Kenward-Roger approximations. Additionally, we reported effect sizes (Cohen’s d)
whenever categorical fixed factors were found to be statistically significant in mixedeffects models.
Data analysis indicated that older birds were less bold, so we further examined
whether this was due to a change in neophobia over time or a result of differential
survival favouring more cautious individuals. To determine if individuals became more
neophobic with age, we analysed birds that had completed tests I, IV, and VI with a
mixed-effects model. We selected these novel object tests as they offered the largest
sample size of individuals that had completed at least three tests that were each
approximately one year apart (n = 31; 16 F, 15 M). Individuals were between 1 and 10
years of age at first test (4.0 ± 3.0 yr). We included neophobia score as the response
variable, individual as a random factor, and sex, hatch year, and test number (I, IV, or VI)
as fixed effects, as well as the interaction between hatch year and test number. If scrubjays become more neophobic with age, we expect individuals to have higher neophobia
scores in tests IV and VI when compared to test I.
To determine if older scrub-jays were more neophobic due to selective mortality
of bold birds, we conducted a survival analysis using a Cox proportional hazards model
with the “survival” package (Therneau, 2015). Scrub-jays tested at the youngest ages
(approximately 2.5-4 months of age) during post-breeding novel object tests (tests III and
VII, n = 59) were included, as this sample allowed us the best examination of whether
neophobia had a selective effect on survival. We separated individuals into high, mid, and
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low neophobia groups, with approximately 25% of the individuals in the high group
(timid, n = 18), 25% in the low group (bold, n = 14), and the other 50% in the midneophobic group (n = 27). We analysed neophobia in categories rather than as a
continuous variable as we were not concerned with the fine scale differences along a
gradient of neophobia, but rather in broad differences, particularly at the extremes, as this
is often where selection acts upon traits (Dingemanse & Réale, 2005). Mean hatch dates
and variance were similar between years (2011: 104.2 ± 14.9 day of year, 2013: 106.8 ±
14.9 day of year), so we pooled the data (104.9 ± 14.7 day of year, range 86-141). We
included age at presumed mortality or age at final census (for individuals still alive) as
the survival measure (see Study System), and we also included a binary measure of
whether the individual was alive or presumed dead at or before the February 2016 census
(13 individuals were right censored in the analysis as they were still alive). We included
neophobia type (timid, mid, or bold), sex, hatch date, hatch year, and an interaction
between hatch date and neophobia in the Cox model. The model violated the assumption
of proportionality, as per a global test based on scaled Schoenfeld residuals, so we
included a time-dependent variable specifying both the start and end of the observation
interval for each individual, which corrected the violation (Harrell, 2001). If bold
individuals experience selective mortality, we expect reduced survivorship for bold
individuals versus mid-neophobic and timid birds. The model indicated an interaction
between neophobia type and hatch date. An analysis of the interaction for each pairwise
comparison of the three neophobia groups suggested that hatch day had a different
conditional effect on bold individuals (bold to mid: Hazard Ratio [HR] 0.79, 95% CI
[0.67-0.92], P = 0.0028, bold to timid: HR 0.81, 95% CI [0.69-0.94], P = 0.0070, timid to
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mid: HR 1.03, 95% CI [0.98-1.08], P = 0.25). To determine the nature of the interaction
we first assessed conditional effect estimates (termed “simple slopes,” Bauer & Curran,
2005) of the three neophobia groups with the covariate (i.e., hatch date) centred around
the minimum (i.e., 86th day of year) and maximum (i.e., 105th day of year) hatch date for
the low neophobia individuals. This method compares the survival among the three
neophobia types as if all subjects were hatched on the same day (i.e., day 86 and again at
day 105). These days also coincide with the earliest hatch date (i.e., day 86) and the mean
(i.e., 𝑋̅ = 104.9) of all individuals in the sample. We did not compare differences among
the neophobia groups in the latter portion of the season (i.e., past day 105) as none of the
boldest individuals in our sample were hatched during this time (Fig. 2). Further, to
assess the effect of hatch date on survival, we ran a Cox model separately for each
neophobia group, without centring the hatch date. As in the previous model, we included
age at presumed mortality or age at final census, a binary measure of whether the
individual was alive or presumed dead, sex, hatch date, hatch year, and the timedependent variable to correct for non-proportionality (Harrell, 2001).
As mentioned above, breeding status was removed from the mixed-effect model
due to a high correlation with age. However, to assess the relationship between breeding
status and neophobia we analysed a subset of scrub-jays that were tested first as nonbreeders and then again once they became breeders. All were hatched in 2010 or 2011
and became breeders at 2 or 3 years of age (n = 35). While we could not completely
separate the effects of age and breeding status, as breeders will always be older than nonbreeders, we examined neophobia between statuses within an individual. However, we
first used a mixed-effects model to determine if age was a significant predictor of
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neophobia within this sample. The model included sex and age as fixed factors,
individual and time of year as random factors, and neophobia score was the predictor
variable. Then we ran a mixed-effect model to determine the relationship between
breeding status and neophobia, with sex and breeding status as fixed factors, and
individual and time of year (pre-breeding vs. post-breeding season) as random factors.
We also included the interaction between breeding status and sex, as a change in
neophobia may affect the sexes differently due to sex-specific breeding roles.
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Figure 2. Relationship of hatch date, survival, and neophobia (n = 59 individuals). Green
diamonds and the solid green line represent the boldest individuals; orange triangles and
the orange dashed line represent the most neophobic individuals; blue circles and the blue
dotted line represent mid-levels of neophobia. Symbols circled in black represent
individuals that were alive at the final census with the lower group scrub-jays hatched in
2013 and the upper from 2011. Note that all others are presumed dead.
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We determined the adjusted repeatability of approach distance with the “rptR”
package with 1000 permutations and 1000 bootstrapping simulations (Nakagawa &
Schielzeth, 2010). We included sex and age as fixed factors, and individual and calendar
year as random factors. To determine influences on approach distance we used a mixedeffects model with the same fixed and random effect factors as in the repeatability model.
We determined the relationship between neophobia and approach distance with a
mixed-effect model in the “lme4” package. Neophobia score was included as the
response variable and approach distance as a fixed factor. We used approach distance
measures from 2012, when available. If an individual was not assessed in 2012, we used
a 2013 measure, and if there were multiple measures, we used the shortest distance. We
selected the shortest distance, because the purpose of the measure was to determine the
closest a scrub-jay would approach a researcher. We also included sex and age as fixed
factors and individual, event (specific neophobia test), and time of the year (pre- or postbreeding) as random factors.
We used a mixed-effects model to determine if there was a relationship between
stress-induced CORT and neophobia. Neophobia and stress-induced CORT were only
compared when measured within the same year. We included neophobia score as the
response variable, corrected integrated CORT as a covariate, and also included sex and
age as fixed factors, as these were significant predictors of neophobia in the first part of
our analysis (see Results). Individual, specific test, and calendar year were included as
random factors; however, given that there was no variability due to calendar year, it was
excluded from the final model.
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Results
Neophobia Scores
The measures of neophobia (latency to first approach within 60 cm and 30 cm,
latency to first take a peanut, and total time spent within 30 cm) explained between 68.4
and 84.8% of total variance in the composite neophobia score (PC1) determined by PCA
(Table 3).
Repeatability of Neophobia
Neophobia scores were repeatable (R = 0.36, SE = 0.040, 95% CI [0.277, 0.437],
P < 0.0001, Fig. 3). Repeatability of males and females were similar (males: R = 0.36, SE
= 0.057, 95% CI [0.242, 0.466], P < 0.0001; females: R = 0.38, SE = 0.058, 95% CI
[0.259, 0.490], P < 0.0001).
Factors Affecting Neophobia
Individual was the greatest predictor of neophobia score (32% of variance
explained, Table 4). Males were significantly more bold (less neophobic) than females
(F1,249.1 = 27.60, P < 0.0001, Fig. 4), but the effect size was small (d = -0.47). Age was
also a significant predictor of neophobia (F1,270.0 = 33.66, P < 0.0001, Table 4). Overall,
older scrub-jays were less bold, but the difference due to age was minor, as neophobia
scores increased by only a small amount each year (0.092 ± 0.016, Fig. 5). Group size at
test and the number of times an individual was tested were not significant (Table 4).
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Table 3

Results from principal component analysis (PCA) of novel object tests

PC1
I

II

III

IV

V

VI

VII

VIII

To approach within 60 cm

0.788

0.856

0.736

0.858

0.881

0.806

0.800

0.825

To approach within 30 cm

0.970

0.939

0.964

0.971

0.945

0.965

0.965

0.954

To take first peanut

0.970

0.923

0.960

0.973

0.844

0.964

0.964

0.941

Time within 30 cm

-0.905

-0.765

-0.853

-0.874

-0.597

-0.858

-0.875

-0.763

Eigenvalue

3.322

3.052

3.121

3.390

2.737

3.248

3.266

3.058

% Total variance explained

83.042

76.305

78.015

84.759

68.421

81.194

81.645

76.445

Unrotated component loadings, eigenvalues and percentage of the total variance are displayed.
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Latency

Novel object test 2

1.75

1
0.25
-0.5
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-0.5
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Figure 3. Representative graph of repeatability in neophobia scores that includes scrubjays that were tested with the first object and retested at least one other time (n = 77). The
ring test (I) is plotted on the x-axis as novel object test 1. Novel object test 2 represents
tests II, IV, and VIII. Blue triangles and the solid blue line represent the relationship
between tests I and II (ring and ball, 2 day inter-test interval); black Xs and black dashed
line represent tests I and IV (ring and mat, 1 yr interval); orange circles and orange dotted
line represent tests I and VIII (ring and box, 3 yr test interval). Low neophobia scores
indicate boldness near a novel object. Data points clustered at the far right of the graph
represent individuals that did not approach within 60 cm of the novel object in test 1 and
were thus assigned maximum scores. A subset of data is displayed for ease of viewing.
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Table 4
Mixed-effects model for factors that may influence neophobia

Fixed-effects
Intercept
Age
Sex
Times Tested
Number of Birds Present

Random-effects
Individual
Event
Season
Residual

Estimate
0.106
0.092
-0.465
-0.032
-0.030

SE
0.15
0.016
0.088
0.021
0.024

F

df

P

33.66
27.60
2.31
1.50

1, 270.0
1, 249.1
1, 585.7
1, 255.6

< 0.0001*
< 0.0001*
0.13
0.22

Variance
Explained
0.32
0.094
0.015
0.45

F-scores, degrees of freedom, and P-values calculated from Kenward-Roger
approximations
* Designates statistical significant results at the P < 0.05 level.
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Figure 4. Tukey boxplot of neophobia scores by sex (N= 826 observations). Low
neophobia scores indicate boldness near a novel object.

Figure 5. Tukey boxplot of neophobia scores divided by age (N = 826 observations).
Low neophobia scores indicate boldness near a novel object. Age was analysed as a
continuous variable and is presented as categorical only for graphical display.
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Neophobia, Age, and Survival
In the subset of data used to determine if individuals became more neophobic
over time, the interaction between cohort and test number (I, IV, or VI) was not
significant (F1,46.0 = 0.22, P = 0.64) and was removed from the final model. Even though
some individuals became slightly more neophobic (and vice versa, see Fig. 6a), overall
there was no change over three years (F1,47.0 = 0.55, P = 0.46, Table 5 & Fig. 6b).

Table 5
Mixed-effects model to determine if neophobia increases with age

Fixed-effects
Intercept
Test (I, IV, VI)
Hatch Year
Sex

Estimate
0.744
0.081
-0.082
-0.738

Random-effects
Individual
Residual

Variance
Explained
0.50
0.57

SE
0.60
0.11
0.061
0.37

F

df

P

0.56
1.82
2.24

1, 47.0
1, 21.0
2, 38.0

0.46
0.19
0.12

F-scores, degrees of freedom, and P-values calculated from Kenward-Roger
approximations

Among scrub-jays that hatched early in the season, individuals with mid-levels of
neophobia were 9 times more likely to be presumed dead by the final census than bold
individuals (HR 9.1, 95% CI [1.04-79.43], P = 0.046, Fig. 2). There was not a significant
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difference in survival between bold and timid individuals (HR 6.2, 95% CI [0.71-53.8], P
= 0.10) or between mid-neophobic and timid individuals (HR 0.68, 95% CI [0.19-2.40],
P = 0.55, Fig. 2).
Among scrub-jays that hatched near the mean hatch date, bold individuals were
over 10 times more likely to be presumed dead before the final census than individuals
with mid-levels of neophobia (HR 10.5, 95% CI [2.89-38.09], P = 0.00036) and 9 times
more likely to be presumed dead than timid individuals (HR 9.1, 95% CI [2.35-35.44], P
= 0.0014, Fig. 2). There was no difference in survival between timid and mid-neophobic
individuals (HR 1.15, 95% CI [0.55-2.38], P = 0.71, Fig. 2).
Overall, hatch date was a significant predictor of survival for bold (HR 1.34, 95%
CI [1.04-1.74], P = 0.023, Fig. 2) and timid (HR 1.05, 95% CI [1.02-1.10], P = 0.0051,
Fig, 2) individuals, with higher survival amongst the earlier hatched birds. Hatch date did
not predict survival in scrub-jays with mid-levels of neophobia (HR 1.01, 95% CI [0.981.05], P = 0.50, Fig. 2).
Neophobia and Breeding Status
There was no relationship between age and neophobia in our subset of individuals
that were tested as non-breeders and again as breeders (F1,131.7 = 0.037, P = 0.85), so we
continued our analysis to determine if there was a relationship between neophobia and
breeding status. The interaction between breeding status and sex was not significant, so
was removed from the model (F2,136.5 = 1.05, P = 0.35). Neophobia behaviour did not
change when individuals became breeders (F1,138.0 = 1.03, P = 0.31, Table 6).
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Figure 6. Neophobia scores for individuals tested in tests I, IV, and VI (n = 31). (a)
Change in neophobia score by each individual, (b) Tukey boxplot represents the
neophobia scores for each test. Low neophobia scores indicate boldness near a novel
object.
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Table 6
Mixed-effects model to determine if neophobia changes from non-breeding to breeding
Fixed-effects
Intercept
Breeding Status
Sex

Estimate
0.313
-0.111
-0.448

Random-effects
Individual
Season
Residual

Variance
Explained
0.41
0.00092
0.45

SE
0.18
0.11
0.24

F

df

P

1.03
3.41

1, 138.0
1, 33.0

0.31
0.074

F-scores, degrees of freedom, and P-values calculated from Kenward-Roger
approximations

Approach Distance
Approach distance was highly repeatable (R = 0.62, SE = 0.066, 95% CI [0.469,
0.726], P < 0.0001, Fig. 7), and males (R = 0.68, SE = 0.068, 95% CI [0.525, 0.788], P <
0.0001) were more repeatable than females (R = 0.53, SE = 0.10, 95% CI [0.324, 0.707],
P < 0.0001). Neither age (F1,157.0 = 0.22, P = 0.64) nor sex (F1,144.0 = 2.78, P = 0.10) were
significant predictors of approach distance.
There was a significant relationship between neophobia score and approach
distance as bolder scrub-jays approached the researcher more closely than more
neophobic birds (F1,146.7 = 6.83, P = 0.0099, Table 7 & Fig. 8). Males were overall bolder
than females, but the effect was negligible (d = 0.17, Table 7).
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Figure 7. Relationship between the nearest distances a scrub-jay approaches a researcher
over 2 years (N = 54 individuals).
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Table 7
Mixed-effects model to determine the relationship between neophobia and approach
distance

Fixed-effects
Intercept
Approach Distance
Age
Sex

Random-effects
Individual
Event
Season
Residual

Estimate
-0.332
0.061
0.071
-0.367

SE
0.16
0.023
0.017
0.11

F

df

P

6.83
10.40
17.88

1, 146.7
1, 129.6
1, 200.1

0.0099*
0.0016*
< 0.0001*

Variance
Explained
0.30
0.11
0.011
0.45

F-scores, degrees of freedom, and P-values calculated from Kenward-Roger
approximations
* Designates statistical significant results at the P < 0.05 level.

Neophobia and Stress-Induced CORT
There was no relationship between stress-induced CORT and neophobia (F1,45.8 =
0.0017, p = 0.97, Table 8 & Fig. 9).
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Figure 8. Relationship between neophobia and approach distance (n = 142 individuals).
Low neophobia scores indicate boldness near a novel object.
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Table 8
Mixed-effects model to determine the relationship between stress-induced corticosterone
(CORT) and neophobia
Fixed-effects
Intercept
Stress-induced CORT
Age
Sex

Random-effects
Individual
Event
Residual

Estimate
SE
F
-0.227
0.13
0.0000638 0.0013 0.0022
0.047
0.018
6.60
-0.286
0.11
7.32

df

P

1, 401.1
1, 208.1
1, 182.4

0.96
0.011*
0.008*

Variance
Explained
0.31
0.078
0.37

F-scores, degrees of freedom, and P-values calculated from Kenward-Roger
approximations
* Designates statistical significant results at the P < 0.05 level.
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Figure 9. Relationship between stress-induced corticosterone (CORT) and neophobia (n
= 422 observations). Low neophobia scores indicate boldness near a novel object.
Discussion
We found that behaviour near a novel object is repeatable in male and female
Florida scrub-jays over at least 4 years, which is a significant portion of the expected
lifespan of this species (ca. 40-60%, McDonald, Fitzpatrick, & Woolfenden, 1996;
Woolfenden & Fitzpatrick, 1996). Males and younger scrub-jays were less neophobic
than females and older individuals, however, the effect size of these differences were
small, and individual differences explained most of the variation in neophobia scores.
Further, the relationship between neophobia and age appears to be due to selective
mortality of bold birds rather than a within individual increase in neophobia over time,
but the relationship between survival and neophobia is dependent on hatch date. The
other internal state (breeding status) and external environmental factors (group size, novel
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object, calendar year) examined seemingly did not influence neophobia. In addition,
‘bold’ behaviours in novel and non-novel (i.e., approach distance to a researcher)
contexts were correlated. However, we found no relationship between stress-induced
CORT and neophobia.
The repeatability of neophobia (R = 0.36) was similar to the value calculated by
Bell et al. (2009) for repeatability of individual differences in a variety of behaviours
(e.g., activity, courtship, mate preference, R = 0.37). Methods among neophobia tests
differ, which makes it difficult to directly compare results. In studies similar to ours in
which a novel object next to food is used, results are mixed and may depend on species,
intra-test intervals, and test context (e.g., lab or field). For example, behaviour was highly
repeatable (R = 0.43) in female zebra finches over a week (David, Auclair, & Cézilly,
2011), repeatable across captive and free-living contexts in blue tits, Cyanistes caeruleus
(R = 0.28 and 0.55, respectively, Herborn et al., 2010), but was not repeatable in great tits
from a selectively bred line of fast explorers over 2-3 years (Carere et al., 2005). In
addition to the lack of agreement among studies, it’s interesting to note the marked
difference in repeatability in the blue tit study in which repeatability was much less in
captivity than for the free-living tests (also see Bell et al., 2009). This speaks to the value
of free-living studies of animals in their natural environments and highlights potential
confounds associated with animals’ behaviour and physiology in captivity (see Calisi &
Bentley, 2009).
In our population, older birds were more neophobic, however, upon further
inspection there was no evidence that neophobia increased with age. Rather, we found
evidence for selection for the degree of neophobia that was conditional upon the hatch

35

date of the individual. While hatching later in the season negatively impacted the survival
of bold and timid birds (but not mid-neophobic individuals), the consequences on
survival for mid-season hatched individuals was significantly more severe for bold birds.
Specifically, bold birds that hatched early survived longer than timid or mid-neophobic
individuals while bold birds that hatched midway in the breeding season had the lowest
survival among the three neophobia types. Bold birds were not represented among birds
that hatched during the latter portion of the breeding season (Fig. 2), possibly because
bold birds hatched late in the season did not survive long enough to participate in
neophobia tests. Although speculative, given that there is a pronounced seasonal increase
in both predators and predation rates (Schaub, Mumme, & Woolfenden, 1992), it may be
that whereas bold individuals hatched early survive because they are far less likely to
encounter predators as fledglings, bold behaviour later in the year may have a far more
severe outcome. As Schaub et al. (1992) found, there is a seasonal increase in activity of
diurnal snakes, the primary predator of nestlings, and it is almost certain that they prey
upon fledglings as well (see too Schoech, 1999). Alternatively, scrub-jays hatched later in
the season may have been ‘innately’ more neophobic (due to genetic or developmental
influences, van Oers, de Jong, van Noordwijk, Kempenaers, & Drent, 2005; Rensel et al.,
2010; Schoech, Rensel, & Heiss, 2011), or perhaps the full expression of bold behaviour
in response to novel objects does not develop until ca. 4 months of age, as birds hatched
later in the season were only ca. 2.5 months of age when tested. Despite the absence of a
clear understanding why there were no bold individuals among late hatched scrub-jays, a
clear conditional relationship exists among neophobia, hatch date, and survival.
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The relationship between survival and personality may depend on yearly
environmental conditions, which we did not include in our model. In great tits, fast
exploring males and slow exploring females experience greater survival when food
availability is high; however, in poor years, the relationship between exploratory
behaviour and survival reverses for both sexes (Dingemanse, Both, Drent, & Tinbergen,
2004). While our results were similar between the sexes and between years, it is possible
that the relationship between neophobia and survival would change under different
environmental conditions.
Lifespan and other life history traits (e.g., age at first reproduction) may be related
to personality (Biro & Stamps, 2008). The pace-of-life hypothesis predicts that some
species, or individuals of a given species, exhibit a suite of correlated ‘fast’ life history
traits and physiological profiles, including shorter lifespan, early reproduction, high
metabolism, and low investment in immune response, whereas ‘slow’ individuals exhibit
traits in the opposite direction (e.g., Ricklefs & Wilkelski, 2002; Wiersma, MuñozGarcia, Walker, & Williams, 2007). Recently, this hypothesis has been expanded to
include personality (Hall et al., 2015; Réale et al., 2010). Our results provide some
agreement with predictions based upon the pace-of-life hypothesis: bold individuals
tended to be short-lived (fast) when compared with longer-lived ‘slow’ individuals.
Our observations and analyses suggest that social influences on neophobia scores
were absent or minimal. While scrub-jays maintain a patriarchal dominance hierarchy,
individuals are generally tolerant of other group members (Woolfenden & Fitzpatrick,
1977). Additionally, our protocol allowed many individuals to approach and obtain
peanuts simultaneously (as opposed to feeding devices where a single individual can
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monopolize the food, e.g., Tringali & Bowman, 2012). Surprisingly, a number of
individuals hesitantly circled the test arena but never approached the object while their
groupmates went directly (and repeatedly) to the object and collected peanuts.
We were not able to directly measure the social influence of group members
during testing as many of the birds within a group are related to one another and
personality traits are heritable (e.g., h2 = 0.19 to 0.55 in great tits, reviewed in van Oers et
al., 2005, h2 = 0.24 in wandering albatrosses, Patrick et al., 2013). Therefore, if there are
similarities within groups that were tested together, we cannot determine if these
similarities are due to some degree of social influence or due to the predicted familial
similarity in boldness among related individuals. However, we included the random
factor “event” in the model to account for some of this variation among groups. All
individuals tested together for a particular novel object were assigned the same “event”
value, which accounted for little of the variation among the groups, further suggesting
that social influence is minimal. We also determined that the number of birds present at a
test was not a significant predictor of neophobia score, which again suggests that social
influence is minimal, as larger groups are more likely to have a bold individual that
readily approaches the object and takes a reward without befalling any harm. Similarly,
previous research indicated that individuals in this population are not influenced by fear
conditioned conspecifics when deciding whether to flee or forage in the presence of a
novel predator (Jones, Bebus, Ferguson, Bateman, & Schoech, in prep), although
Midford, Hailman, and Woolfenden (2000) found that with repeated trials, Florida scrubjays can learn from observing conspecifics.
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Neophobia scores were not significantly different in individuals before and after
becoming breeders, providing further evidence that there is no or minimal social
influence in novel object tests. The social composition of an individual’s group always
changed in some manner when an individual became a breeder, because the individual
joined a new group, the former breeder of the group died, or a new group was started
(Woolfenden & Fitzpatrick, 1984). An individual’s dominance status improves with the
transition from non-breeder to breeder (Woolfenden & Fitzpatrick, 1977); therefore, if
our novel object test assessed dominance rather than or in addition to neophobia, then we
would have expected to see individuals increase their boldness after they became
breeders, which they did not.
Our results show that, like neophobia, approach distance is a repeatable measure
of ‘risk-taking’ or boldness in individual scrub-jays. While these two behaviours are very
similar on the surface, as for both an individual must approach a person or object to
obtain peanuts, they are quite different in terms of novelty, as the scrub-jays in our
population are familiar with researchers, whereas the novel object tests use unfamiliar
items. While in some instances boldness in novel object tests is related to boldness in
other areas (e.g., exploratory behaviour, Verbeek, Drent, & Wiepkema, 1994, re-entering
a trap, Gabriel & Black, 2010, foraging under predation risk, Dammhahn & Almeling,
2012), it has been suggested that neophobia differs from other behaviours on the bold-shy
continuum as it often is not correlated with other measures of boldness (e.g., Biondi, Bó,
& Vassallo, 2010; Herborn et al., 2010; Mettke-Hofmann, Winkler, & Leisler, 2002).
However, the coping style model predicts that these measures of boldness will correlate
in an individual and that both measures would be repeatable (Cockrem, 2007; Koolhaas
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et al., 1999; Koolhaas, de Boer, Coppens, & Buwalda, 2010), as is demonstrated in our
results.
Conversely, we found no evidence for a relationship between neophobia and
stress-induced CORT, as is predicted by the coping style model. An updated coping style
model suggests that the quality of an individual’s response to stress (coping style) is
independent of the quantity of the response (stress reactivity) (Koolhaas et al., 2010).
Like the traditional coping style model, the updated model predicts that behavioural traits
and physiological traits will be repeatable within an individual. However, unlike the
traditional model, the updated model does not expect behavioural and physiological traits
to be correlated with each other, but rather describes a more complex, two tiered
relationship between behaviour and stress reactivity (Koolhaas et al., 2010). Our results
support the updated coping style model, as there was not a correlation between behaviour
and HPA axis reactivity, but behaviours were repeatable and correlated with each other.
Additional results from our lab provide further support for the updated model, in that the
stress-induced CORT response is repeatable in Florida scrub-jays over their lifetimes
(Small & Schoech, 2015).
Due to ecological and life history traits, we may expect levels of neophobia to be
lower in Florida scrub-jays than other species. Scrub-jays are sedentary specialists of
oak-dominated scrub habitat, and are characterized by relatively small home ranges and
short dispersal distances as most scrub-jays live and die within 500 m of their natal nest
(Woolfenden & Fitzpatrick, 1984, 1996). Overall, due to their sedentary nature and
restricted habitat type, they will encounter fewer potentially dangerous novel objects and
situations than migratory species or generalists with large ranges. Additionally, scrub-jay
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social groups are characterized by overlapping generations that allow for the opportunity
to learn from family members rather than rely on ‘innate’ fear reactions to avoid unsafe
situations (Greenberg, 1990). However, neophobia appears to be an important trait in
scrub-jays as we see variation that is best explained as individual differences (i.e.,
personality), which are predictive of boldness in a non-novel situation, as well as
survival.
Conclusion
We validated that novel object tests provide an appropriate means of assessing
variation in personality in free-living individual Florida scrub-jays. Our analyses suggest
that individuals are not influenced by other group members during the tests, and we did
not find effects due to year, how many times an individual was tested, or novel object
used, suggesting that a single measure of neophobia is likely predictive of an individual’s
level of neophobia throughout its lifetime. Thus, Florida scrub-jays provide an excellent
model for further assessment of the proximate causes and the ultimate consequences of
variations in personality. Our research group is currently assessing such as we explore the
influence of early environment on neophobia and reproductive success based on
neophobic phenotype.
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Chapter 3. Florida scrub-jays, Aphelocoma coerulescens, with a low corticosterone
stress response become more neophobic after capture
Introduction
Predation is a major selective force that shapes multiple characteristics of prey
species (Lima and Dill, 1990). Morphological anti-predator traits (e.g., warning
coloration, body armor, body size) tend to be relatively fixed compared to anti-predator
behaviors (e.g., fleeing, defensive postures, hiding). Behavioral plasticity allows
individuals to adjust the expression of risky behaviors to match environmental conditions
(Greenberg, 1990, Lima and Dill, 1990). For example, during incubation, male songbirds
of several species provision their mates less often in the presence of a model of a nest
predator (Ghalambor and Martin, 2002), and juvenile coho salmon, Oncorhynchus
kisutch, forage less when exposed to olfactory cues associated with predatory birds
(Martel and Dill, 1993). Furthermore, increased predation risk may alter behavior in ways
that are not obviously related to predator avoidance. For example, threespined
sticklebacks, Gasterosteus aculeatus, become less aggressive towards conspecifics after a
predation event (Bell and Sih, 2007).
Recent research has focused on consistent individual differences in behavior (i.e.,
personality, behavioral type; Gosling, 2001, Sih et al., 2004). A meta-analysis by Bell et
al. (2009) found that personality accounts for approximately 35% of among-individual
variation in a wide variety of behaviors, considerably more than other factors that were
considered (see also Chervet et al., 2011, David et al., 2012). However, even within the
framework of personality, individuals are still fairly plastic in response to environmental
conditions (Dingemanse et al., 2010, Kluen and Brommer, 2013).
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The way in which a particular past experience affects an individual’s response to
a stimulus, such as a predator, depends on the individual’s personality (Brown et al.,
2013, Frost et al., 2007, Stamps, 2015). For instance, juvenile convict cichlids,
Amatitlania nigrofasciata, and wood frog, Rana sylvatica, tadpoles exposed to predatordense habitats are more neophobic when confronted with a cue from a novel predator
(Brown et al., 2013), and bold rainbow trout, O. mykiss, are more likely to change their
behavior following a negative experience than are shyer individuals (Frost et al., 2007).
Exposure to a predator can activate the hypothalamic-pituitary-adrenal (HPA)
axis, resulting in increased levels of circulating corticosterone (in birds, herptiles, and
rodents) or cortisol (in most fish and most mammals), hereafter, both to be termed CORT
(e.g., Cockrem and Silverin, 2002, Jones et al., 2016). Stress-induced CORT (SI CORT)
facilitates an individual’s escape and recovery from predation events (Sapolsky et al.,
2000), and SI CORT release occurs in the presence of predator attacks (Jones et al., 2016,
Pakkala et al., 2013), as well as following exposure to both living and mounted predators
(Canonine et al., 2002, Cockrem and Silverin, 2002, respectively). Just as repeatable
behaviors are termed behavioral phenotypes, the magnitude of the CORT response during
a standardized stressor is repeatable in some species, and thus can be considered to
represent a physiological phenotype (Cockrem, 2013, Cockrem et al., 2016, Small and
Schoech, 2015).
The above evidence that an individual’s behavioral phenotype interacts with their
recent experiences to influence risky behavior, especially in response to predators,
combined with the links between SI CORT responses and predators, led us to examine
the hypothesis that physiological phenotypes also influence risky behavior based on
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recent experiences. To address this question we trapped young, trap-naïve Florida scrubjays (Aphelocoma coerulescens), subjected them to a standardized capture and restraint
protocol, and subsequently compared their degree of neophobia to that of controls. We
used capture and restraint to mimic a predation event and increase the scrub-jays’
perceived risk of predation. Even though our subjects had not been trapped previously,
the trap itself was not a novel object (see General Methods below for details). While the
capture and restraint protocol lasts longer than typical predator attacks, it is thought to be
perceived as a life-threatening encounter (Wingfield and Ramenofsky, 1999). Indeed, in
European starlings, Sturnus vulgaris, the CORT response to capture and restraint is
similar to the CORT response after witnessing a predator attack a nearby conspecific
(Jones et al., 2016).
We predicted that individuals would perceive their environment to be more
hazardous after having been trapped and, as a result, become more neophobic to avoid
risk. We also expected the effect of the “predation attempt” (capture and restraint) upon
subsequent behavior around a novel object would differ in degree based on SI CORT
response phenotype. Specifically, trapped-treated individuals (henceforth treated
individuals) would exhibit a higher degree of neophobic behavior compared to controls,
and treated individuals with a high SI CORT response would exhibit the highest degree
of neophobic behavior. We make these predictions based on the relationships among
baseline and SI CORT and several critical life history characteristics in this species,
including life span, learning and memory, not to mention fearfulness and neophobia (see
Bebus et al., 2015, Elderbrock et al., 2014, Schoech et al., 2012, Small and Schoech,
2016). Further, individuals with high SI CORT responses are often more reactive to their
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environment (Koolhaas et al., 1999, Ruiz-Gomez et al., 2011), so we expected treated
scrub-jays with high SI CORT responses to show a greater response to a change in their
environment (i.e., act more neophobic after experiencing a “riskier” environment due to
the “predation attempt”).
Methods
Study Subjects
Florida scrub-jays are cooperative breeders that reside in, and are dependent upon,
oak scrub habitat in peninsular Florida (Woolfenden and Fitzpatrick, 1984). Breeding
pairs are genetically and socially monogamous (Quinn et al., 1999, Townsend et al.,
2011, Woolfenden and Fitzpatrick, 1984) and defend year-round group-held territories.
Offspring will generally remain on their parents’ territory as ‘helpers-at-the-nest’ until
they reach two years of age, although individuals not uncommonly remain for longer
periods (Skutch, 1935, Woolfenden and Fitzpatrick, 1984).
Our study population resides within Archbold Biological Station (27°19′N,
81°2l′W, elevation 38-68 m) in south-central Florida. At the time of this study there were
approximately 185 color-banded scrub-jays being tracked by our lab group. This
population has been monitored for over 25 years and the exact age, sex, and relatedness
are known for most individuals (Rensel et al., 2010b, Schoech et al., 1991).
General Methods
We assessed the impact of capture experience on neophobia in young, trap-naïve
scrub-jays. Standard protocol requires all individuals to be monitored as nestlings, which
included removing them from the nest briefly at 11 days of age for banding (one colored
band and one aluminum U. S. Geological Survey band for each nestling), as well as to
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obtain a blood sample for genetic sexing and take physical measurements. Nestlings
fledge 18 days post-hatch, on average (Woolfenden and Fitzpatrick, 1984, 1990), and we
briefly searched for young after they fledged to assess survivorship. However, after initial
fledging stage (late Mar – late May) birds had little contact with researchers until this
study (late Jul). Prior to our experiment and trap training, none of the young birds had
been exposed to traps of any kind. There were 51 hatch-year birds in the population at the
time of our experiment. Fifteen were excluded from our study, as they had received
exogenous CORT as nestlings for an unrelated study. Of the remaining 36 scrub-jays, we
matched individuals by age, then randomly assigned one from each pair into the trapnaïve (control) group and the other into the trap-experience (treatment) group. Treated
birds experienced a standardized capture and restraint protocol and, on the following day
underwent a novel object test (see Novel Object Test below for details). Control birds first
took a novel object test, and were then captured to assess SI CORT on a subsequent day
(mean ± SD = 3.1 ± 1.5 days, range 1-6 days). The procedures for the novel object tests
and the capture and restraint protocol differ between the two groups only in the order in
which they were given. To assure uniformity in the protocols, the same researcher
administered all novel object tests and scored the resulting videos (SEB), whereas
another researcher conducted all capture and restraint protocols (BCJ).
Thirty-two of the 36 individuals were given novel object tests: four did not appear
with their family group on the day of the test, as young scrub-jays will sometimes travel
outside of their territory (Woolfenden and Fitzpatrick, 1977). For similar reasons, two
birds assigned to the treatment group were not captured prior to the neophobia test. Two
additional individuals were removed from the dataset, as they were matched by age to
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two of the birds that we were not able to either test or trap. We, therefore, collected data
from 28 individuals that were (mean ± SD = 107.9 ± 11.9 days of age on test day (range
82-126 days), from 19 different territories, including 14 (9 M, 5 F) treatment and 14 (8
M, 6 F) control birds. Capture and restraint and neophobia tests were completed between
25 Jul and 5 Aug 2013.
Because the young birds had little experience with researchers or peanuts, we
completed 3 days of peanut ‘training’ prior to beginning the experiment. This consisted
of a researcher whistling and throwing chopped bits of peanuts in the presence of a
family group. While the young scrub-jays were trap-naïve, in that they had never been
trapped themselves or seen another bird trapped, the trap was not completely novel. We
did a trap ‘training’ session one day prior to the trapping day. For trap training, a trap was
wired open and baited with peanuts in the birds’ territory when the birds were present.
Research was completed under permits from the U.S. Fish and Wildlife Service
(TE-117769) and the U.S. Geological Survey Bird Banding Laboratory (23098) issued to
SJS. Protocols were approved by the University of Memphis Institutional Animal Care
and Use Committee (0667) and Archbold Biological Station Institutional Animal Care
and Use Committee (AUP-0013-R).
Capture and Restraint
We captured individuals in continuously monitored, peanut-baited Potter traps
between 0650 and 1100 hr EDT and collected blood samples to assess SI CORT
responses using a standardized capture and restraint protocol (Rensel et al., 2010b,
Wingfield et al., 1992). We collected blood samples within 3 min of trapping to
determine baseline CORT levels (mean ± SD = 108 ± 23 sec, range 64-152 sec) with
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additional samples collected at 5, 15, and 30 min post-capture to measure SI CORT.
Approximately 450 µl of blood were collected from each individual, well within the
recommended limits for body weight (McGuill and Rowan, 1989). Birds were held in
loosely woven cloth bags between collection of samples. After blood collection, physical
measurements were taken (bill length, tarsus length, mass, etc.), and birds were banded
with a full complement of color bands.
We obtained blood samples by puncturing the ulnar vein with a 27 gauge needle,
then collecting blood in heparinized microhematocrit tubes. Samples were kept on ice
until processed (within 4-5 hours). Tubes were centrifuged and the plasma portion was
collected and kept frozen until assayed.
Measuring the CORT Response
Samples were analyzed with corticosterone enzyme immunoassay (EIA) kits
(Cayman Chemical, Ann Arbor, MI, U.S.A., catalogue no. 500655) with dilutions to
assess baseline CORT at 1:20 and SI CORT at 1:100 (for assay details and validations
see Small and Schoech, 2015). Intra-assay coefficients of variation (CV) ranged from
2.1-7.7% (mean 4.1%) and the inter-assay CV was 11.5%. To determine total CORT
exposure, we used Prism ver. 5.03 (GraphPad Software, Inc., La Jolla, CA) to measure
corrected integrated CORT, a measure of the total amount of CORT secreted during
capture and restraint that accounts for an individual’s baseline level (see Cockrem and
Silverin, 2002, Small and Schoech, 2015).
Novel Object Test
We used a silver and hot-pink hula hoop (ring) that was approximately 4 cm high
and 60 cm in diameter as a novel object. The ring was placed in an open, sandy area with
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a small pile of chopped peanuts (approximately 36 g) in the center. Peanuts provide
motivation to approach the unknown and possibly dangerous object. Four small sticks
found at each test site were placed 30 cm from the edge of the ring to serve as markers to
score approach distance. Tests were recorded with a digital camcorder (JVC HD Everio)
on a tripod placed approximately 3 m from the novel object. All tests were conducted
between 0700 and 1100 hr.
At each territory, SEB whistled to attract group members to the test site, then
tossed a few peanut pieces near the novel object and whistled on and off for 2 min to
make sure scrub-jays were aware of the ring and the peanuts. SEB then started the video
recorder, and left the site for 50 min, after which she returned and collected the test
materials. Florida scrub-jays are a caching species and peanuts are a familiar and favorite
food item (Woolfenden and Fitzpatrick, 1984). Even past satiation, scrub-jays continue to
return to a pile of peanuts to collect and cache, so immediate hunger is likely less of a
motivation for scrub-jays than it is for a non-caching species.
All tests were conducted in an individual’s home territory, with family groups
tested together. We argue that testing individuals in a social group is a more appropriate
and ecologically relevant method to test for personality in this highly social species, as
solitary FSJs are rarely observed (Woolfenden and Fitzpatrick, 1977, also see Apfelbeck
and Raess, 2008). During a test, multiple birds are able to approach and collect peanuts
concurrently and Florida scrub-jays are relatively tolerant of other family group members
so we do not believe our results are skewed by dominance relationships (Woolfenden and
Fitzpatrick, 1977). Additionally, analyses from multiple novel object tests over several
seasons suggest that in this specific case scrub-jays are minimally (if at all) influenced by
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each other’s behavior (Bebus et al., 2015, in review). We have found similar results in
which individual responses are minimally impacted by the number of scrub-jays present
in separate novel predator learning tests (Jones et al., 2014, in review). However, we
assessed whether the number of individuals present at a novel object test had an influence
on neophobia scores. If individuals are making decisions whether to approach the object
based on each other’s behavior, we would expect larger groups to be bolder as they are
more likely to contain a bold individual.
While the novel object tests were recorded for 50 min, we only scored the first
23.2 min of video. In previous studies we found that this timeframe provided
considerable variation in scores and that some groups would collect all of the peanuts
before 50 min, at which time their motivation to approach the object greatly diminished
(Bebus et al., 2016). SEB collected behavioral data from video records to determine
latencies to approach within 30 cm of the ring, to enter the ring and, to take a peanut, as
well as total amount of time spent within the ring for each individual. A preliminary
analysis showed that the latencies to enter the ring and to take a peanut were highly
correlated (Spearman rank correlation: rs = 0.966, N = 28, P < 0.0001), so only latency to
enter the ring was examined further.
Statistical Methods
For latency measures, we used a Cox proportional hazards model, which is a type
of event history analysis, also referred to as survival analysis (Aalen et al., 2008). We
chose this model, as it allowed us to test the significance of multiple variables, and their
interactions, on the time it takes for a specific event to occur (in our case, the latency to
approach or enter the ring). We examined latency to approach within 30 cm of the object
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and latency to enter the ring with separate models. Assumptions of proportionality of
hazards were met according to Kaplan-Meier analysis. For each model, we entered
latency (sec) as the time variable and also included whether the individual completed the
event within the observation window (i.e., whether they approached within 30 cm or
crossed the ring). The Cox proportional hazards model allows for cases in which the
individual did not complete the event by right censoring those individuals (Aalen et al.,
2008). We also included treatment group (trapped or control), SI CORT level, age and
number of scrub-jays presesnt at test as fixed variables, as well as the interaction between
treatment and SI CORT. However, number at test was excluded from the final models as
it was not significant.
Our additional response variable, total time within the ring, did not fit the “time to
event” structure assumed by the Cox proportional hazard model, and also was nonnormally distributed. We compared total time within the ring between the control and
treatment groups using a Mann-Whitney U test (one-tailed). Then, to examine a possible
interaction between trapping experience and SI CORT response, we assigned birds to
High-, Mid-, or Low-response groups based on SI CORT levels. Individuals with values
in the top and bottom 25% were assigned to the High- and Low-response groups,
respectively. The rest of the individuals (50%) were considered Mid-responders. These
groups were further divided based on trapping experience. Thus, there were six SI CORT
type/treatment groups: High-Treated, Mid-Treated, Low-Treated, High-Control, MidControl, and Low-Control. Total time within the ring among these groups was compared
using a Kruskal-Wallis test. All analyses were performed using SPSS 23.0 software (IBM
Corp., Armonk, NY, USA).
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Results
SI CORT
Corrected integrated CORT levels ranged from 171.2 to 684.9 ng/ml*min (mean
± SD = 403.3 ± 147.0 ng/ml*min, N = 28).
Latencies to Approach and Enter Ring
We found that treated individuals were slower to approach the ring (Hazard Ratio
[HR] 0.023, 95% CI 0.001-0.409, P = 0.010, Fig. 1a), but not to enter the ring (HR 0.256,
95% CI 0.010-6.625, P = 0.41, Fig. 1b). We did not find a relationship between SI CORT
and latency to approach the ring (Table 1). Overall, individuals with a low SI CORT
response were slower to enter the ring, regardless of treatment, but the relationship was
not statistically significant (HR 1.004, 95% CI 0.999-1.008, P = 0.122, Fig. 2b). There
was a significant interaction between SI CORT and treatment for latency to approach the
ring (HR 1.004, 95% CI 1.000-1.013, P = 0.043, Fig. 2a & Table 1), in which treated
individuals were more hesitant to approach the ring when they had a low SI CORT
response.
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Figure 1. Tukey boxplots with the relation between control (trap-naïve) and treatment
(trapped) groups and (a) latency to approach within 30 cm of the novel object (ring), (b)
latency to enter the ring, and (c) total time within the ring.
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Table 1
Results from Cox proportional hazards models comparing neophobic behavior between
treated and control individuals

Hazard
Ratio (HR)
Latency to Approach
Treatment
Age
SI CORT
SI CORT*Treatment
Latency to Enter
Treatment
Age
SI CORT
SI CORT*Treatment

95% CI for HR
Lower Upper

P

0.023
1.052
1.000
1.007

0.001
1.005
0.996
1.000

0.409
1.100
1.004
1.013

0.010*
0.030*
0.945
0.043*

0.256
1.032
1.004
1.002

0.010
0.992
0.999
0.995

6.625
1.074
1.008
1.009

0.412
0.122
0.122
0.522

*P < 0.05

Total Time within Ring
There was no difference between the treated and control groups in the total time
spent within the ring (U = 98.0, N1 = 14, N2 = 14, P = 0.51, Fig. 1c) or among the six SI
CORT type/treatment groups in the total time spent within the ring (H5 = 6.39, P = 0.27,
Fig. 2c).
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Figure 2. Relationship between stress-induced corticosterone (SI CORT) and (a) latency
to approach within 30 cm of the novel object (ring), (b) latency to enter the ring, and (c)
total time within the ring. Filled circles, continuous line: control (trap-naïve) birds; open
circles, dashed line: treatment (trapped) individuals.
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Discussion
Florida scrub-jays became more neophobic after capture and restraint, as treated
individuals were slower to approach the novel object. Further, our data indicate an
interaction between SI CORT phenotype and trapping experience. Counter to our
prediction, treated birds with low SI CORT were the slowest to approach the object.
Our results suggest that Florida scrub-jays with low SI CORT alter their behavior
in response to the degree of risk in their environment. Individuals that perceive their
environment to be risky (e.g., because of increased ‘predation encounters’ with
researchers) are more likely to exhibit cautious behavior, at least over the short-term.
There may be costs to being overly cautious, or too neophobic, such as missed
opportunities to exploit a food source or obtain a mate or territory. Conversely,
neophobia can protect animals from harmful situations, such as avoiding novel animals
that may be potential predators. Behavioral plasticity allows individuals the means to
match their behavior to their environment (Greenberg, 1990).
We predicted that individuals with higher levels of SI CORT would display a
greater neophobic response to a novel object after experiencing a threating encounter
based on the proactive/reactive coping style model of behavior (Cockrem, 2007,
Koolhaas et al., 1999, see further discussion below). However, the negative relationship
between SI CORT responsiveness and latency to approach the novel object among the
treated group shows that low SI CORT individuals were more sensitive to their prior
experience. The magnitude of CORT exposure during capture and restraint may have
influenced the capabilities of treated scrub-jays to remember the “predation attempt,”
given that increased levels of CORT during and after events tend to enhance memory
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consolidation (McGaugh, 2000, Roozendaal and McGaugh, 2011). In our experiment, it
follows that individuals with greater SI CORT responses may have had an enhanced
memory of the “predation attempt” compared to low SI CORT responders. Initially, this
may seem counter to our results, but perhaps birds with a better memory of the capture
and restraint event are less likely to generalize their fear of a metal trap to other objects
(e.g., a plastic ring). To put it another way, high SI CORT birds have a strong and
specific memory of metal traps being associated with capture and restraint, whereas low
SI CORT birds do not necessarily remember the details of the trap, but have a general
association of danger in their environment.
The SI CORT responses of the sub-adult scrub-jays used in our study were
relatively low compared to the normal range of adult Florida scrub-jays ( ≥ 1 year of age;
see Fig. 2 in Rensel et al., 2010a). For example, the SI CORT responses of adults
subjected to standardized capture and restraint in Feb and Mar 2013 ranged from 91.3 to
1,095.5 ng/ml*min (N = 106, unpublished data). The 28 individuals in our study ranged
from 171.2 to 684.9 ng/ml*min, which was not unexpected, as juvenile Florida scrub-jays
have a dampened maximum CORT response compared to adults (Rensel et al., 2010a).
We suggest that high SI CORT response individuals in our study had a stronger memory
of the trap and the capture event compared to low SI CORT responders. Adult scrub-jays
with the highest SI CORT responses (e.g.., > 1,000 ng/ml*min) may experience memory
impairment, as stress and memory have an inverted-U shaped relationship (Yerkes and
Dodson, 1908). However, the evidence for an inverted-U relationship between CORT and
memory consolidation is limited to a few examples of pharmacological manipulation in
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rats (Conrad et al., 1999, Pugh et al., 1997), and its relevance to naturally occurring
variations in CORT response is unconfirmed.
Treated individuals were more neophobic only in their initial latency to approach
the novel object. Time to enter the ring did not differ between treated and control birds,
although entering the ring is arguably a riskier behavior as to complete the task they must
more closely approach and cross over the novel stimulus. Likewise, total time within the
ring did not differ between groups. While one may predict a greater change in behavior
due to capture and restraint, free-living organisms regularly encounter predators and must
contend with predation risk of varying degrees (e.g., Florida scrub-jays regularly
encounter accipiters, as well as snakes while on the ground foraging). If an individual
becomes more neophobic with each encounter, it will eventually sustain costs from being
“too neophobic.” Similarly, we would predict that the influence of the “predation
attempt” on neophobia would be short-lived, as individuals must continuously assess
their level of risk. Additionally, constraints upon behavior due to developmental and
genetic factors, independent of physiological phenotype, may explain the lack of
difference in latency to enter the ring between treated and control scrub-jays (see Sih et
al., 2004).
The coping style model predicts that proactive (neophilic, fast exploring, and
aggressive) individuals will exhibit a low SI CORT response in comparison to reactive
(neophobic, slow exploring, and non-aggressive) individuals (Cockrem, 2007, Koolhaas
et al., 1999, but see Koolhaas et al., 2010). This model is mainly supported by research
on domesticated species (reviewed in Cockrem, 2007, Koolhaas et al., 1999) and
response-specific lines of captive individuals selectively bred from free-living species
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(e.g., slow and fast exploring great tits, Parus major, Baugh et al., 2012). However, there
is not unequivocal support for the coping style model even within these model species.
For example, in rainbow trout bred for high (HR) and low (LR) stress response, HR
individuals are predicted to display proactive-type behaviors and LR individuals are
predicted to show reactive-type behaviors. In some instances, this prediction is supported
(Pottinger and Carrick, 2001, Ruiz-Gomez et al., 2011, Schjolden et al., 2005) but not
always (Schjolden et al., 2005, Thomson et al., 2011). In most free-living species
examined to date, the relationship between SI CORT responsiveness and measures of
personality is weak (Carroll et al., 2016, Grace and Anderson, 2014) or absent (Ferrari et
al., 2013). However, exploratory behavior and SI CORT responsiveness covary as
predicted in free-living great tits with lower responders being generally bolder (Baugh et
al., 2013). Interestingly, this relationship was not found in captive-reared great tits
(Baugh et al., 2012). Though highly speculative, it is possible that the relationship
between SI CORT responsiveness and exploratory behavior in free-living great tits was
due to a differential effects (dependent on SI CORT phenotype) of capture on exploratory
behavior, as the birds were captured and transported to the testing facility one day prior to
the behavioral assay.
Although our results were in the opposite direction that was predicted, our study
may help explain the previously reported mixed results (see above), in that procedures
associated with testing may alter behavior in a selective manner (e.g., capture prior to
testing may selectively ‘induce’ neophobia in low SI CORT responders). There may also
be external factors, such as unknown predation pressure on free-living individuals, that
influence the ability to detect a relationship between personality and stress response. For
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example, when a population experiences increased predator encounters due to either
seasonal or inter-year fluctuations in predator numbers, a relationship between SI CORT
response and personality may be revealed. Support for the importance of context comes
from Bell and Sih (2007) who found boldness and aggression to be correlated in
individual threespined sticklebacks only when under high predation risk. Similarly, Grace
and Anderson (2014) found social context during testing affected the direction of the
behavior and CORT relationship.
Our results demonstrate how prior experience can affect individuals differentially
depending upon their physiological profile. We suggest these findings highlight the need
for careful interpretation of studies that test free-living individuals in captive conditions,
as the capture experience may affect the behavior of individuals differently based on their
stress response phenotypes.
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Chapter 4. Associative learning is inversely related to reversal learning and varies
with nestling corticosterone exposure
Introduction
In recent years, individual differences within species have received considerable
attention (Cockrem & Silverin, 2002; Cole, Cram, & Quinn, 2011; Dingemanse, Both,
Drent, & Tinbergen, 2004). Personality, behavioural syndrome, coping style and
temperament are among the terms commonly used to describe consistent individual
differences in behaviour (Gosling, 2001; Koolhaas et al., 1999; Réale, Reader, Sol,
McDougall, & Dingemanse, 2007; Sih, Bell, & Johnson, 2004). Additionally, recent
studies have shown that individuals commonly display consistency in their performance
on cognitive tests (e.g. problem solving in great tits, Parus major: Cole et al., 2011;
association and discrimination tasks in black-capped chickadees, Poecile atricapillus:
Guillette, Hahn, Hoeschele, Przyslupski, & Sturdy, 2015). Shettleworth (1998, page 5)
defined cognition as ‘the mechanisms by which animals acquire, process, store, and act
on information from the environment’. As such, cognition cannot be directly measured,
but psychologists have devised a number of tests to assess certain cognitive abilities,
often by assessing learning ability. For example, the Morris water maze is a well-known
laboratory test used to assess spatial learning in rodents (Vorhees & Williams, 2006).
Modifications of protocols and testing conditions allow for insight into a subject’s
cognitive processes. However, in such tests only behaviour can be measured not
cognition per se. In this way, our understanding of cognition is directly influenced by an
individual’s behaviour. It can be argued that cognitive performance is actually a
combination of cognitive ability and cognitive style. Cognitive ability is an individual’s
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capability to acquire, process, store and use information, whereas cognitive style is the
specific strategy by which the individual acquires, processes, stores and uses the
information (Carere & Locurto, 2011; Griffin, Guillette, & Healy, 2015; Sih & Del
Giudice, 2012).
Influences of Cognitive Style on Cognition
To illustrate, during a test in which an award can be obtained by pushing a red
lever, a test subject may have the cognitive ability to discriminate different colours, make
the connection between red and the reward, remember this information and then recall it
when presented with a selection of levers. However, the subject’s cognitive style (e.g.
how the individual focuses its attention) may influence performance on a standardized
laboratory test. One individual may continue to push the red lever to obtain a reward
while ignoring other stimuli that may also allow him/her to obtain a reward (e.g. different
coloured levers), whereas a second individual with the same cognitive abilities may
continue to collect information from the environment (e.g. push other levers). Sih and Del
Giudice (2012) describe this as a type of cognitive style that is based on a speed–
accuracy trade-off. The first subject quickly makes a decision to obtain the reward from
pushing the red lever (‘speed’), whereas the second individual may be slower at
mastering the test, but makes a more complete and ‘accurate’ assessment of the
environment. In an associative task, as described above, the first subject will perform
better. However, in a reversal learning test, a measure of behavioural flexibility, the
second subject will perform better due to more thorough sampling of the environment by
trying other levers.
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Sih and Del Giudice (2012) proposed that the speed–accuracy trade-off cognitive
style may closely align with individual differences in behaviour, such as those described
by proactive and reactive coping styles. Proactive individuals are less sensitive to
external stimuli and more ‘intrinsically driven’, whereas reactive individuals are more
sensitive to external stimuli (i.e. they are more likely to assess and react to their
environment) (Koolhaas et al., 1999). Consequently, when compared to reactive types,
proactive individuals are quicker to approach a novel object, faster to explore a new
place, more aggressive towards conspecifics, less flexible in behaviour and quicker to
form routines (Cockrem, 2007; Koolhaas et al., 1999). Additionally, in examinations of
physiological measures that covary across the proactive–reactive spectrum, proactive
individuals generally have lower hypothalamic–pituitary–adrenal (HPA) axis activity, as
exemplified by a reduced reactivity in response to stressors (Cockrem, 2007; Koolhaas et
al., 1999).
Intrinsically driven proactive individuals and highly sensitive reactive individuals
respond differently to environmental stimuli, which may drive differences in cognitive
style and, subsequently, performance on cognitive tests (Sih & Del Giudice, 2012).
Evidence indicates that individuals with proactive traits (e.g. bold, explorative,
aggressive) learn associations better than individuals with reactive traits (guppy, Poecilia
reticulata: Dugatkin & Alfieri, 2003; cavy, Cavia aperea: Guenther, Brust, Dersen, &
Trillmich, 2014). Conversely, individuals with reactive traits (e.g. timid, less explorative,
nonaggressive) perform reversal learning tasks better than individuals with proactive
traits (black-capped chickadee: Guillette, Reddon, Hoeschele, & Sturdy, 2011; cavy:
Guenther et al., 2014). However, the opposite relationship between coping style and
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learning performance has also been found (great tit: Amy, van Oers, & Naguib, 2012;
Titulaer, van Oers, & Naguib, 2012; black-capped chickadee: Guillette et al., 2015).
Influences of Stress Physiology on Cognition
In addition to cognitive style, stress and glucocorticoids are known to influence
cognitive performance, although the nature of the relationship is not always easy to
predict (McEwen & Sapolsky, 1995). Corticosterone is the main glucocorticoid released
by HPA axis activation in avian, herptile and rodent species, whereas cortisol is found in
fish and most other mammals (hereafter, both to be termed ‘CORT’). Elevated CORT
affects learning performance across taxa, although the degree to which learning is
affected and whether exposure results in benefits or decrements depends on the extent
and timing of CORT exposure, as well as the type of learning or cognitive measure in
question (de Kloet, Oitzl, & Joëls, 1999; Lupien & McEwen, 1997; Pravosudov,
Mendoza, & Clayton, 2003; Roozendaal, 2002). High CORT levels during development
may be particularly significant and result in long-term effects on learning (reviewed in
Schoech, Rensel, & Heiss, 2011). For instance, chronically elevated CORT levels early in
development impair performance on associative and spatial learning tasks later in life
(black-legged kittiwakes, Rissa tridactyla: Kitaysky, Kitaiskaia, Piatt, & Wingfield,
2003). However, reversal learning may be facilitated by exposure to stress (Japanese
quail, Coturnix japonica: Calandreau et al., 2011; Norway rat, Rattus norvegicus: Thai,
Zhang, & Howland, 2013). Similarly, rainbow trout, Oncorhynchus mykiss, selected for a
high CORT response display greater flexibility in utilizing a new food patch than fish
bred for a low CORT response (Ruiz-Gomez, Huntingford, Øverli, Thörnqvist, &
Höglund, 2011). To the best of our knowledge, no one has reported a direct relationship
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between learning and naturally occurring individual differences in CORT response (i.e. in
wild-type individuals that were not artificially selected for a trait).
Present Study
We investigated two factors that may have relationships with cognition:
personality and CORT. We tested associative and reversal learning in Florida scrub-jays,
Aphelocoma coerulescens, as measures of cognition and assessed whether learning
performance varied with two personality traits (neophobia and exploratory behaviour).
We also compared learning performance with stress physiology, assessed in nestlings and
again just prior to learning tests as birds approached 1 year of age. While the coping style
model includes predictions regarding personality and stress physiology, we did not
examine those relationships here, as they were further investigated in a separate study of
our population (Bebus, Jones, Elderbrock, Small, & Schoech, 2015).
Based upon descriptions of proactive–reactive coping styles, we predicted that
less neophobic and faster exploring individuals would perform better in associative
learning tests but worse in reversal learning tests. In addition, based on links between
cognition and CORT, we predicted that individuals with low CORT levels during early
development would perform better in associative learning tests but worse in reversal
learning tests as adults, and that individuals with low stress-induced CORT responses
would perform better in associative learning tests but worse in reversal learning tests.
Methods
Study System
Florida scrub-jays are cooperative breeders that hold year-round territories
(Woolfenden & Fitzpatrick, 1984). The birds live in family groups with a male and a
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female breeder and up to seven nonbreeding ‘helpers’ (Woolfenden & Fitzpatrick, 1984).
Helpers aid in territory defence against conspecifics, in antipredator actions (detection,
warning, mobbing) and in provisioning nestlings and fledglings. They are generally older
offspring of the breeding pair that have stayed on their parents’ territory, even though
they are reproductively capable by 1 year of age (Schoech, Mumme, & Wingfield, 1996).
Our study population resides in the southern portion of Archbold Biological Station,
Highlands County, Florida (27°19′N, 81°2l′W, elevation 38–68 m). This population has
been monitored for over 25 years, with sex, age, breeding status and genetic relatedness
known for approximately 200 colour-ringed individuals during any given year (see
Rensel, Wilcoxen, & Schoech, 2010; Schoech, Mumme, & Moore, 1991; Small &
Schoech, 2015). All protocols were completed under permits issued to S.J.S. from the
U.S. Fish and Wildlife Service (TE-117769) and the U.S. Geological Survey Bird
Banding Laboratory (23098) and were approved by the University of Memphis
Institutional Animal Care and Use Committee (0667) and Archbold Biological Station
Institutional Animal Care and Use Committee (AUP-006-R).
Neophobia Tests
We categorized individual birds along a continuum of timid to bold based upon
their response to a novel object (i.e. individuals that were most timid, or ‘neophobic’,
were more hesitant to approach a novel object). Neophobia tests were conducted in scrubjays’ home territories between 0700 and 1100 hours. Birds had been trained to come to
whistles with a peanut reward, and thus were easily attracted to the test site. A small pile
of chopped peanuts (approximately 36 g) was placed directly next to or on a novel object.
Scrub-jays continue to collect and cache peanuts past satiation, so current hunger level is
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less likely to have an effect on their response to peanuts than is current hunger level in
noncaching species. Individuals were identified by unique sequences of coloured and
metal leg rings, and tests were carried out in open areas of bare sand to assure that rings
were visible. To aid in scoring approach distance, we marked distances of 60 and 30 cm
from the centre of the novel object using small sticks collected from the surrounding
environment. Tests were digitally recorded with a camcorder (JVC HD Everio) on a
tripod placed 3 m from the novel object. A researcher stood behind the camera to start the
test once birds were observed within the general vicinity. The researcher whistled and
tossed a few peanut pieces towards the novel object for 2 min, assuring that the jays were
aware of the pile of peanuts, before quickly leaving the territory. The researcher returned
to the territory after approximately 50 min to collect the camcorder and novel object.
Neophobia tests were conducted in January and February of 2012 and 2013 (Fig.
1). In 2012, we used a 60 cm diameter, textured black rubber mat (with peanuts in the
centre) and, in 2013, we used a purple and white striped plastic ball (approximately 12
cm diameter). We collected the following data from the first 23 min of digital video
recordings: latency to first approach within 60 cm and 30 cm, latency to first take a
peanut and total time spent within 30 cm. This time was selected because, at some
territories, peanuts were depleted shortly after 23 min. If an individual did not approach
within 60 or 30 cm or did not take a peanut, it was assigned the maximum value for that
measurement (i.e. 23 min). We tested 139 birds (73 females, 66 males) from 39 territories
in 2012, and 127 (66 females, 61 males) from 40 territories in 2013. All birds tested in
the population were included in the analysis to determine neophobia scores (see
Statistical Analyses below); however, because learning performance was assessed for a
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Figure 1. Timeline of tests and blood collection over 2012 and 2013.

subset of nonbreeding birds, the neophobia scores of only those individuals were
considered in the present study. As neophobia behaviour is repeatable in Florida scrubjays (Bebus et al., 2015) and other species (Boogert, Reader, & Laland, 2006; Herborn et
al., 2010; Verbeek, Drent, & Wiepkema, 1994), a single evaluation of neophobia is likely
to be representative of long-term personality.
Although scrub-jays were tested in family groups, social environment does not
affect an individual’s performance during the neophobia test, as determined by 4 years of
repeated testing (Bebus et al., 2015). The number of individuals present (i.e. group size,
which ranged from 2 to 9 scrub-jays) during a test does not affect neophobia scores, and
scores from an individual are repeatable despite changes in group composition and
individual dominance positions between tests (Bebus et al., 2015). Similarly, a Florida
scrub-jay’s decision of when, or at what distance, to flee an approaching predator (i.e.
flight initiation distance (FID)) is not affected by the behaviour (fleeing or foraging) of
surrounding conspecifics (Jones, Bebus, & Schoech, 2014). However, Florida scrub-jays
may experience social facilitation of learning with repeated, long-term exposure in lowerrisk environments (Midford, Hailman, & Woolfenden, 2000).
Captive Tests
We captured nonbreeding helper Florida scrub-jays randomly selected from
individuals hatched the previous year (ca. 9–11 months of age; Fig. 1). We collected
blood samples (9–45 days after neophobia tests; see Blood Sampling Methods below for
details of capture and blood collection) and transported the birds in individual cloth bags
by vehicle to the animal housing facility at Archbold Biological Station. Individuals were
held for 5 days in 1 × 1.5 × 1.75 m cages specifically designed and constructed for this
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project. We tested birds under captive conditions specifically to eliminate distractions by
conspecifics and other factors in the natural environment as previous field-testing
attempts failed. Birds were housed in a dedicated room with temperature and photoperiod
controlled (25 ºC, 13:11 h light:dark cycle, standard fluorescent light bulbs), with no
more than three birds held captive at a time and only one bird in each visually isolated
cage. Individuals received ad libitum food (mealworms, waxworms, peanuts, Roudybush
maintenance diet, Eukanuba kitten dry food) from the test tray during the initial 2 days of
captivity (see below for description of tray). Water was available ad libitum at all times.
While 2 days is a relatively short acclimation time, it was held constant across subjects.
We did not want to separate individuals from their family groups longer than necessary
and disrupt group social dynamics, and we were restricted by permit specifications, as
Florida scrub-jays are federally listed as a threatened species. Birds were returned to their
home territories after 5 days in captivity and all individuals readily reintegrated into their
family groups. Initially, 27 birds (14 females, 13 males) from 15 different territories were
brought into captivity; however, one male did not readily eat and was returned to his
home territory and released on the day of capture.
Learning tests began on the third day of captivity. All tests were recorded digitally
(JVC Everio HD Camcorders). A colour-based associative learning task, which we will
refer to as the ‘initial learning task’, was followed by a reversal learning task. The test
tray was made from 70 × 80 cm fibreboard with eight sand-filled wells and was slid in
and out of the bottom of the cage between trials. An opaque curtain across the front of the
cage allowed the researcher to access trays with minimal disturbance to subjects.
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Although food deprivation is commonly used to motivate individuals to perform
in the laboratory, we did not withhold food prior to learning tests. However, mealworms,
which scrub-jays are highly motivated to obtain, were provided as the reward during the
trials. We have used mealworms and waxworms in the field for years, both to deliver
exogenous hormones (e.g. CORT-injected worms; see Schoech et al., 2007) and to census
fledglings, as adults will deliver them to difficult-to-locate young. In both instances, it is
necessary to assure that the individual to receive a worm is somewhat isolated from other
group members as their apparent motivation and desire for these treats leads to
competition or jostling to obtain the worm.
As an indirect assessment of whether differences in motivation to obtain the
mealworm reward influenced test performance, we measured latency to approach and eat
mealworms after the final trial of the day on the fourth day of captivity. There was no
indication that motivation influenced learning performance (see Supplementary
Material).
Initial Associative Learning
Associative learning is defined as acquiring knowledge of a predictive or causal
relationship (association) between two stimuli, responses or events (Griffin et al., 2015;
Shettleworth, 1998). We assessed individual variation in performance on an associative
learning test, where the scrub-jays learned an association between a colour cue and a food
reward.
Coloured plastic rings were placed around each well on the test tray to create
colour cues for the subjects to identify the well with the mealworm reward (2012: two
each of blue, green, pink and orange; 2013: one each of blue and green, three each of
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pink and orange). We designated blue and green as reward colours and randomly
assigned one or the other to an individual for the associative trials. During the first stage
of training, two live mealworms were put on top of the sand-filled wells for eight trials.
Next, the mealworms were partially buried for eight training trials. For two additional
training trials and all of the test trials, thawed, previously flash-frozen mealworms (as
live mealworms will move and reveal themselves) were hidden under the sand in the
reward wells. Scrub-jays readily take and eat thawed mealworms. Training trials
continued, if necessary, until the individual began digging into the sand well to reach a
mealworm. At the start of each trial, the test tray was put into the cage with mealworms
in place. A trial ended after the bird had inspected at least one well on the tray and
returned to a perch. If the bird did not come to the tray within 12 min, the trial was
repeated (i.e. the tray was removed for approximately 5–10 s, then returned to the cage).
As a caching species in scrub habitat, Florida scrub-jays often dig in sand to retrieve
cached items (Woolfenden & Fitzpatrick, 1984).
In test trials, the coloured rings were moved after each trial, in the same order and
pattern for each individual. The sand in every well was levelled and smoothed between
trials. Two ‘probe’ trials (i.e. trials in which no mealworms were buried in any well) run
at the end of each day were used as ‘controls’. During the probe trials, subjects continued
to dig in wells based on reward colour, which verified that the birds did not use olfactory
or visual cues (aside from the coloured rings) to find the reward. In 2012, 14 trials were
run and the number of inspections at empty wells (‘mistakes’) before probing the reward
well was used as a measure of learning. In 2013, test trials continued until individuals
reached a threshold of at least seven correct trials in the last 10 trials (with a minimum of
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14 trials total). The difference in protocol between years was to accommodate serial
reversal learning trials in 2013 (see Serial Reversal Learning below). Subjects from each
year were ranked separately, based on performance, due to the difference in learning
criteria and test methodology between years.
First Reversal Learning
In reversal learning tests, reward contingencies change so that subjects are
required to learn a new association, as well as inhibit a previously rewarded behaviour. In
our study, at completion of the initial associative test, reward colours were switched to
assess reversal learning proficiency (i.e. if blue had been the initial reward colour, green
was now rewarded and vice versa). There was an additional training period of four trials
in which mealworms were put on top of the sand in a well of the new reward colour. In
2012, training was followed by 14 test trials. Again, we used the number of inspections at
empty wells (‘mistakes’) before a subject located the reward well as a measure of
learning. During 2013, trials were repeated until an individual reached at least seven
correct trials of the last 10 trials (with a minimum of 10 trials). Subjects were ranked by
performance on first reversal tests separately for each year.
Serial Reversal Learning
In serial reversal learning tests the rewarded cue switches repeatedly. Over
successive reversals, successful individuals adopt a ‘win-stay–lose-shift’ strategy and
require fewer trials to reach a learning criterion (Shettleworth, 1998). We included serial
reversal testing in 2013 to evaluate individual variation in the adoption of a new learning
strategy based on experience. For serial reversal trials, the reward colour was switched
back and forth between blue and green. The reward colour was changed after a subject
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completed at least seven correct trials of the last 10 trials (with a minimum of 10 trials).
Birds were assessed based on the average number of trials (over six reversals) required to
reach criterion. Birds were ranked based on performance, and this ranking was used to
compare serial reversal learning performance to initial and first reversal learning
performance.
Exploratory Behaviour
An exploratory behaviour test, adapted from the open field tests commonly
utilized for laboratory studies on rodents, measured an individual’s response to a novel
environment (Verbeek et al., 1994). In 2013 only, following learning tests, birds (N = 15)
were individually introduced to a test chamber (Fig. 1). Subjects were deprived of food
for 30 min prior to the test to help standardize their motivation, as unlike in the learning
trials, the exploratory tests were not run concurrently (i.e. we only used one test chamber,
so birds were tested at different times throughout the day). The chamber (approximately
1.8 × 1.8 × 2.0 m) was made from 2.5 × 5 cm lumber with fabric walls and contained five
perches at different heights, three 25 × 25 cm trays containing sand, a 60 cm (length) log,
a water dish (same as in home cage), two palmetto fronds and eight pine cones. We
considered all the objects in the exploratory chamber to be non-novel as they were either
present in the cages or are commonly found in scrub-jay habitat. Behaviour was recorded
with two video cameras (JVC Everio HD Camcorders) for 150 min. We measured latency
to visit each of the 10 familiar objects (five perches, three trays, one log, one water dish)
plus land on the ground. Any object not visited within the 150 min trial was assigned the
maximum value (i.e. 150 min). For each individual, we summed the latencies for each of
the 11 destinations, and then divided by 11 to calculate an exploratory behaviour score.
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Blood Sampling Methods
Birds were bled by venipuncture of the brachial vein with a 27- or 26-gauge
needle, and blood was collected in microhaematocrit capillary tubes. Blood samples for
baseline CORT levels were collected within 3 min of nest disturbance (nestlings) or
capture (adults) (Romero & Reed, 2005). None of the birds suffered infection or other
injury resulting from blood collection. Samples were kept on ice in the field, then
centrifuged to separate plasma from the cellular fraction within 3 h of collection, upon
return to the laboratory. Plasma was drawn off and stored at -20 C until analysis.
Nestling blood samples were collected on day 11 posthatch, between 1000 and
1300 hours to control for diel fluctuations in CORT levels (Fig. 1). All nestlings in a
given nest were removed simultaneously and each was bled by one of multiple
researchers within 3 min of nest disturbance. Only baseline CORT was assessed in
nestlings to minimize the volume of blood taken (< 140 μl, well within established limits
for nestling body weight; McGuill & Rowan, 1989). Each nestling was weighed, given
one coloured and one metal leg ring and returned to its nest. We have determined through
nest monitoring that scrub-jays readily accept nestlings back into the nest after our
handling and blood sampling protocols (Schoech, n.d). The red blood cell fraction of each
nestling blood sample was mixed with lysis buffer for genetic sexing.
We captured adult scrub-jays in continually monitored, peanut-baited Potter traps
(Fig. 1). A blood sample was collected for baseline CORT within 3 min of capture, with
further samples collected at 5, 15 and 30 min postcapture to assess stress-induced CORT
levels (Rensel et al., 2010). Between 60 and 140 l of blood were taken at each time
point. Birds were held in loosely woven cloth bags in the shade between samples. All
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sampling was completed between 0730 and 1100 hours to control for diel fluctuations in
CORT levels. After blood samples were collected, individuals were brought into
captivity. In 2012, additional blood samples were collected for baseline and a single
stress-induced (15 min after removal from cage) CORT level at the end of the captive
trials, prior to being returned to home territories (see Supplementary Material for further
information).
Hormone Assay
Nestling blood samples collected in 2012 were analysed using radioimmunoassay
(RIA), as in Schoech et al. (1991) and Rensel et al. (2010). All other samples were
analysed with corticosterone enzyme immunoassay (EIA) kits (Cayman Chemical, Ann
Arbor, MI, U.S.A., catalogue no. 500655) with baseline dilutions at 1:20 and stress series
(5, 15 and 30 min) dilutions at 1:100. We validated that RIA and EIA produced similar
values of plasma CORT concentrations (see Small & Schoech, 2015).
Corrected Integrated CORT
To quantify the amount of CORT released during a standardized 30 min capture
and handling period, we used Prism v.5.03 (GraphPad Software, Inc., La Jolla, CA,
U.S.A.) to measure the area under the curve of the stress-induced CORT response (i.e.
the total CORT exposure). We analysed this value both with and without correction for
baseline CORT levels, which we refer to as ‘corrected integrated CORT’ and ‘integrated
CORT,’ respectively (Cockrem & Silverin, 2002; Rensel & Schoech, 2011).
Nestling Experience
Seven of the 28 birds tested had been supplemented indirectly as nestlings
through additional food (mealworms) provided to one of their parents by SmartFeeders
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(Bridge & Bonter, 2011). Nestling supplementation history was included in the statistical
analysis, but was not significant (see Statistical Analyses).
There were only 16 individuals that survived to the following year from the 2012
cohort due to an extremely poor breeding year. For this reason, in 2013 we tested nine
birds that, as nestlings, had been handled daily either between day 5 and day 11
posthatch, or between day 8 and day 11 posthatch as part of an unrelated study. Four of
the birds had served as controls and were fed a waxworm injected with peanut oil twice
daily, four birds were given waxworms with peanut oil and a carotenoid supplement, and
one bird was not fed but was from a nest in which its siblings were fed waxworms. We
excluded nestling baseline CORT values of these nine birds from analysis because they
had experienced additional handling prior to the collection of blood samples.
Statistical Analyses
To evaluate an individual’s level of neophobia, we used principal component
analysis (PCA) to combine measures (see Neophobia Tests) into a single score for each
individual. Because none of the behavioural measures had a normal distribution each was
log transformed prior to PCA analysis.
We ranked subjects based on learning criteria to compare an individual’s
performance in each of the learning tests. We then used Spearman’s rank-order
correlation with a Bonferroni adjustment of the alpha level (α = 0.017) to compare
performance pairwise between initial, reversal and serial reversal learning.
CORT values were standardized to account for year differences in assays (see
Small & Schoech, 2015). Corrected integrated CORT and integrated CORT values
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produced qualitatively similar results, so only corrected integrated CORT results are
presented.
For all other analyses, we used separate general linear models. In each model, a
learning measure (initial or reversal learning) was included as the dependent variable and
a personality (neophobia or exploratory behaviour) or CORT (nestling baseline or adult
stress-induced) measure was the independent variable. Sex and nestling supplementation
(i.e. SmartFeeder or control) were entered as categorical fixed effects and, because health
state during development can have long-term effects at multiple levels (Lindström, 1999;
Schoech et al., 2011), we included nestlings mass at 11 days of age as a continuous fixed
effect. For all analyses, sex, nestling supplementation and day 11 mass were not
statistically significant and were above the arbitrary cutoff P value (P > 0.10), so were
not included in the final models. Due to the multiple comparisons, we used a Bonferroni
adjusted alpha (α = 0.0125) to determine significance. All analyses were run with SPSS
19.0 software (IBM Corp., Armonk, NY, U.S.A.).
Dingemanse, Dochtermann, and Wright (2010) proposed that structural equation
modelling (SEM) should be used to analyse multiple behavioural measures. However,
even the less stringent recommendations advise at least 10 samples for every variable
included in this type of model (Kline, 2010). Our sample size precluded the use of SEM,
as we had only 26 samples and six variables (initial and reversal learning ranks,
neophobia and exploratory scores, and nestling baseline and adult stress-induced CORT
levels). Furthermore, we did not have a complete set of measures from every individual
in the study, and a multivariate approach would have greatly reduced our sample size.
Pairwise comparisons have been used in other studies that examined multiple cognitive
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measures and additional variables (e.g. Boogert, Anderson, Peters, Searcy, & Nowicki,
2011; Guillette et al., 2015; Keagy, Savard, & Borgia, 2011), and we believe that this was
the most appropriate way to analyse our data.
Results
Sample sizes differ throughout the results, as not all individuals completed the
learning trials or were present for the neophobia test, and some CORT values were
excluded from analysis (see Methods, Nestling Experience; Table 1).

Table 1
Sample size for each component

Total
26

2012
11

2013
15

Learning
Initial
First reversal
Serial reversal

22
22
8

10
10
—

12
12
8

Personality
Neophobia
Exploratory

21
15

8
—

13
15

Corticosterone
Nestling baseline
Adult stress-induced

16
25

10
11

6
14

Training
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Initial and Reversal Learning
Four birds did not complete the initial and first reversal learning trials. Of those
four, two did not advance past the training stage and two completed training but did not
reach learning criteria during the limited captive period.
There was an inverse relationship between initial and first reversal learning
rankings (rS = -0.61, N = 22, P = 0.002; Fig. 2), a nonsignificant inverse relationship
between initial and serial reversal rankings (rS = -0.67, N = 8, P = 0.069), and a positive
relationship between the first reversal and serial reversal rankings (rS = 0.80, N = 8, P =
0.017). We did not include serial reversal learning in further analysis because the sample
of birds that completed the required sets of trials was low and performance on serial

Reversal Learning Rank

reversal was highly correlated with performance on the first reversal.

14
12
10
8
6
4
2
0
0

2

4

6

8

10

12

14

Initial Learning Rank
Figure 2. Initial associative learning and first reversal learning
ranks ofbetween
individual
scrub-jays
were learning
inverselyand
related.
low learning ranks of
Figure 2. Relation
initial
associative
first A
reversal
score indicates better performance.

individual scrub-jays. A low score indicates better performance.
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Personality and Learning
In the PCA to determine neophobia scores, PC1 explained 81.3% of the variance
in 2012 and 77.2% in 2013 (see Supplementary Material for more information). There
was an inverse relationship between first reversal learning performance and neophobia
score; the most timid birds learned the reversal with the fewest mistakes (F1,17 = 7.41, P =
0.014, R2 = 0.30; Fig. 3). Although not statistically significant, the least neophobic birds
performed better during the initial learning tests (F1,17 = 3.66, P = 0.073, R2 = 0.18; Fig.
3). Exploratory behaviour and initial learning performance were not correlated (F1,10 =
0.21, P = 0.66, R2 = 0.020), nor were exploratory behaviour and first reversal learning
(F1,10 = 0.68, P = 0.43, R2 = 0.064).
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on initial in scrub-jays. A
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low learning rank
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low neophobia
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birds.
A low
learning rank
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performance. A low neophobia score indicates bold behavior

behaviour nearnear
a novel
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Filled
circles,
continuous
a novel
object.
Filled
circles,
continuousline:
line:initial
initiallearning; open
learning; open circles, dashed line: first reversal learning.

circles, dashed line: first reversal learning.
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CORT and Learning
Birds that had lower basal CORT levels as nestlings performed better on the
initial learning tests than birds with high nestling CORT levels (F1,11 = 15.11, P = 0.003,
R2 = 0.58; Fig. 4). Conversely, birds that had high levels of baseline CORT as nestlings
performed better in the first reversal learning test than birds that had low baseline levels
(F1,11 = 7.01, P = 0.023, R2 = 0.39; Fig. 4).
Circulating CORT levels just prior to testing were analysed for all but one of the
22 birds that completed the initial and first reversal trials. One adult baseline CORT value
was an outlier (2.7 standard deviations from the mean) and the corresponding stressinduced CORT value was removed from the data set. Stress-induced CORT levels were
not related to initial (F1,19 = 0.60, P = 0.45, R2 = 0.030) or first reversal learning (F1,19 =
0.041, P = 0.84, R2 = 0.002; Fig. 5).
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Discussion
Consistent with our initial predictions, we found an inverse relationship between
an individual’s CORT level as a nestling and its performance in an associative learning
test as an adult 9 to 11 months later. Similarly, we found support for the prediction of an
‘opposite’ relationship between developmental CORT exposure and reversal learning
performance, although this only approached statistical significance. The predictions
generated using the proactive–reactive coping styles garnered some support as more
neophobic individuals tended to perform better on the reversal learning task, suggesting
increased behavioural flexibility. Additionally, we found a significant negative
relationship between associative and reversal learning performance.
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The inverse relationship between initial associative and reversal learning
performance is predicted by the coping styles model (proactive = routine formation
versus reactive = high flexibility: Koolhaas et al., 1999; Sih & Del Giudice, 2012).
However, few empirical studies have demonstrated this type of relationship (Griffin,
Guez, Lermite, & Patience, 2013; Guenther et al., 2014). Studies have more commonly
found a positive relationship (Boogert et al., 2011; Guillette et al., 2015) or no
relationship (Boogert, Monceau, & Lefebvre, 2010; Guillette et al., 2015) between
learning performance on associative or discrimination tests and the corresponding
reversal learning tests. When a positive relationship is observed between learning types,
some individuals may be overall ‘better learners’ than others. However, Florida scrubjays appear to experience a trade-off between associative and reversal learning. This
trade-off is expected and necessary if sensitivity to environmental stimuli influences
cognitive performance, as an individual cannot be both sensitive and insensitive to cues
(Sih & Del Giudice, 2012).
Our results show that low endogenous levels of CORT during development were
correlated with better initial associative learning and poorer reversal learning
performance (although the latter relationship fell short of statistical significance after
correction for multiple comparisons). Our finding differs from Crino, Driscoll, Ton, and
Breuner (2014), who found that zebra finches, Taeniopygia guttata, treated with
exogenous CORT early in development learned a novel foraging task more quickly than
controls. However, because the effect was observed only in the first of four learning
stages, the authors speculated that this probably reflected reduced neophobia in the
CORT-treated birds rather than a difference in learning ability.
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Developmental CORT exposure can have long-term effects upon numerous
behavioural and physiological traits (for review, see Schoech et al., 2011). Our results
show a link between low nestling CORT levels and better initial learning, and, possibly
between elevated CORT levels and better reversal learning. These observations may be
indicative of a physiobehavioural phenotype that includes learning performance and is, at
least in part, established during early development (e.g. by 11 days posthatch in Florida
scrub-jays; Schoech, Rensel, Bridge, Boughton, & Wilcoxen, 2009). Numerous factors
may influence both developmental CORT exposure and subsequent learning
performance. For instance, nestling diet may affect CORT levels, as food restriction
resulted in higher CORT levels in western scrub-jay, Aphelocoma californica, nestlings
(Pravosudov & Kitaysky, 2006). However, Pravosudov, Lavenex, and Omanska (2005)
did not find a difference in colour-based associative learning with this early nutritional
deficit. Curiously, in zebra finches, a high-quality diet early in life was linked to
decrements in associative learning performance, although diet quality did not affect
reversal learning and CORT levels were not assessed (Brust, Krüger, Naguib, & Krause,
2014; Kriengwatana, Farrell, Aitken, Garcia, & MacDougall-Shackleton, 2015). In our
study, however, neither nestling mass nor food supplementation explained the observed
variation in associative or first reversal learning.
The mechanism by which CORT during development mediates later cognitive
function may involve neuroendocrine organization. In avian species, executive function
processes are mediated by the nidopallium caudolaterale (NCL; analogue of the
prefrontal cortex in mammals; Güntürkün, 2005). This area of the brain has specialized
subregions with differential sensitivity to the effects of stress (Holmes & Wellman,
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2009). While we cannot establish whether CORT had a causal relationship with cognitive
performance from our results, we can hypothesize that CORT exposure level during
development may have had differential organizational effects on the NCL subregions
responsible for facilitating associative and reversal learning (Holmes & Wellman, 2009).
Although not statistically significant, our results suggest that personality and
learning performance covary. Sih and Del Giudice (2012) proposed that variation in
sensitivity to environmental stimuli may be an important underlying attribute in
individuals that explains both personality and cognitive style. Our study did not measure
learning speed and cannot explicitly address the speed–accuracy cognitive style described
by Sih and Del Giudice (2012). We can, however, consider whether variation in
environmental sensitivity underlies personality and cognitive performance. Our results
support the prediction that reactive individuals are more sensitive to changes, whereas
proactive individuals quickly form and persist in routines regardless of new cues (Benus,
Koolhaas, & van Oortmerssen, 1987; Ruiz-Gomez et al., 2011). Anecdotally, many of the
scrub-jays that performed poorly on the reversal trials often probed for worms in the
previously rewarded colour well and returned to a perch. They did not continue to search,
but rather followed a routine that was no longer rewarding. Given that scrub-jays that
performed poorly on the reversal trials also tended to be bolder individuals, we may have
measured an underlying component of both personality and cognitive style. Less
neophobic (proactive coping style) individuals quickly formed routines in the learning
trials and did not pay attention to changes in their environment, namely a change in the
colour/reward association. Likewise, Bolhuis, Schouten, de Leeuw, Schrama, and
Wiegant (2004) and Ruiz-Gomez et al. (2011) reported that, following a similar change
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in test conditions, unsuccessful individuals appeared to be ‘stuck’ in routines that were no
longer rewarding.
Whilst previous studies reported learning differences between selectively bred
lines that differed in stress-induced CORT responsiveness (Amy et al., 2012; RuizGomez et al., 2011), we did not find a relationship between naturally occurring individual
variation in stress-induced CORT response and either measure of learning. We recognize
that our relatively small sample size and reduced alpha (α = 0.0125 after Bonferroni
correction) increase our chance of committing a type II error (false negative). While our
certainty in accepting the null hypothesis is reduced, we can say with 98.75% confidence
that the regression coefficients for our nonsignificant relationships are unlikely to fall
outside of our confidence intervals (Table 2). Conversely, our analysis had a low
probability of committing type I errors (false positive) as a result of the Bonferroni
adjustment, which conservatively restricts our α level. Therefore, we can be confident in
the statistically significant relationships between initial associative and reversal learning
performance and between initial learning performance and nestling baseline CORT.
While motivation to seek a reward, most frequently as a function of hunger, can
clearly influence performance in tests such as those used in our study, we consider it
unlikely that differences in motivation contributed to the observed variation in cognitive
performance. If a difference in motivation were driving the variation in cognitive
performance, we would expect that the individuals that did best on the initial learning
task would also do best at the reversal task. However, there was a pronounced inverse
relationship between performance on the initial and reversal learning tasks (also, see
Supplementary Material).
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Table 2
Effect size (η2) and confidence intervals of the regression coefficient
Initial learning

Reversal learning

η2

98.75% CI

η2

98.75% CI

Neophobia

0.177

-1.374, 7.342

0.304

-6.678, 0.085

Exploratory

0.020

-0.009, 0.012

0.064

-0.012, 0.007

Nestling baseline

0.579

1.234, 9.348

0.389

-10.103, 0.598

Adult stress-induced

0.030

-1.420, 2.526

0.002

-1.770, 2.051

Personality

Corticosterone

CI: confidence interval.

Although speculative, ecological factors are probably important in the development
and persistence of different phenotypes in our study population. As some have proposed,
fluctuating environments maintain variation in phenotype, such as personality (Dall,
Houston, & McNamara, 2004; Dingemanse et al., 2004). As their name implies, Florida
scrub-jays have evolved foraging and reproductive strategies that depend upon scrub
habitat that is indigenous to peninsular Florida (Woolfenden & Fitzpatrick, 1984).
Because of the dynamic nature of their habitat, Florida scrub-jays may be subjected to the
effects of disruptive selection more than most other species (Rueffler, Van Dooren,
Leimar, & Abrams, 2006; Wolf, Van Doorn, Leimar, & Weissing, 2007). Florida scrub is
naturally maintained by intense wildfires (as frequently as every 5–10 years), which can
quickly and drastically alter the landscape (Woolfenden & Fitzpatrick, 1996). There may
be fitness advantages of a specific coping or cognitive style within a given habitat. For
example, individuals may need to exploit new food sources in recently burned areas that
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have reduced cover and increased predation risk. One can imagine that, under such
conditions, reactive types may fare better as they are behaviourally more flexible and
cautious. Conversely, several years postfire, individuals with proactive traits may benefit.
Ongoing study of differential survivorship across phenotypes in respect to habitat
succession will help determine the merit of such ideas in this population.
Developmental experience also influences an individual’s phenotype (Groothuis &
Carere, 2005; Schoech et al., 2011), which may account for the link between CORT
exposure during development and learning in our results. Indeed, early CORT exposure
mediated by environmental conditions may prepare or ‘programme’ individuals to be
better suited for the specific environment in which they are raised (Liu et al., 1997), and
cognitive style may be a characteristic that is ‘programmed’ by an individual’s
environment via CORT exposure.
Conclusion
Florida scrub-jays experience a trade-off in learning performance, as evidenced
by the inverse relationship between performance in initial associative and reversal
learning trials. Individual differences in sensitivity to environmental cues may underlie
this trade-off. Similarly, our results suggest that phenotype is constrained, as no
individuals were among both the most bold and most flexible. There is no ‘best’
phenotype associated with learning, as no individuals were ‘best’ overall learners.
Developmental levels of CORT were predictive of learning performance, but at this time
we cannot address whether there was a causal effect of CORT on learning. We encourage
more studies that explore both the factors that mediate the formation of an organism’s
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physiobehavioural phenotype, as well as the long-term fitness impacts across complex
and dynamic environments of such variable physiobehavioural phenotypes.
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Supplementary Materials
Post-test Change in CORT
In 2012, blood samples were collected for baseline and a single stress-induced (15
min) CORT level at the end of the captive trials. To assure baseline levels were assessed,
samples were collected by multiple researchers within 3 min of entering the room that
housed the scrub-jays. Blood was taken at only two time points, rather than four, to
assure that sample volumes remained well below blood sampling guidelines (McGuill &
Rowan, 1989) and to minimize additional stress prior to release. In 2013, we did not take
blood samples at the end of the captive period, as birds were assessed for exploratory
behaviour on the day of release and taking blood samples at the same time of day as in
2012 would have interfered with the exploratory test.
To evaluate the effect of captivity on CORT levels, pre- and postcaptivity CORT
values were compared to each other using a paired-samples t test (two-tailed). Stressinduced CORT values were not normally distributed, so were log transformed prior to
analysis.
In addition, to assess whether changes in CORT during captivity were related to
individual learning performance, we subtracted the precaptivity value from the
postcaptivity value for each time point to find the change between pre- and postcaptivity
baseline and pre- and postcaptivity stress-induced CORT values. These two values were
each compared to initial and first reversal learning performance in a general linear model.
Overall, there was not a difference in baseline CORT levels pre- and postcaptivity
(paired t test: t10 = -1.40, P = 0.19). However, stress-induced CORT at 15 min was
significantly higher after the captive period (paired t test: t10 = -4.74, P = 0.001).
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We did not detect a correlation between postcaptive baseline or stress-induced
CORT and either type of learning (initial learning: baseline CORT: F1,8 = 0.041, P =
0.85, R2 = 0.005; stress-induced CORT: F1,8 = 1.43, P = 0.27, R2 = 0.15; first reversal
learning: baseline: F1,8 = 0.90, P = 0.37, R2 = 0.10; stress-induced: F1,8 = 0.34, P = 0.57,
R2 = 0.041). The change in baseline or stress-induced CORT levels between pre- and
postcaptivity measures did not explain learning performance (initial learning: change in
baseline CORT: F1,8 = 0.30, P = 0.60, R2 = 0.036; change in stress-induced CORT: F1,8 =
0.84, P = 0.39, R2 = 0.095; first reversal learning: change in baseline: F1,8 = 0.97, P =
0.35, R2 = 0.11; change in stress-induced CORT: F1,8 = 0.18, P = 0.68, R2 = 0.022).

Table S1
Results from principal component analysis (PCA) of neophobia test
Neophobia measure
Latency
To approach within 60 cm
To approach within 30 cm
To take first peanut
Time within 30 cm
Eigenvalue
% Total variance explained

PC1
2012

2013

0.905
0.969
0.964
-0.751
3.250
81.3

0.802
0.951
0.927
-0.827
3.090
77.2

Unrotated component loadings, eigenvalues and percentage of the total variance are
displayed.
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Figure S1. Distribution of neophobia scores for the entire scrub-jay population tested in
2012 and 2013. Scores were determined using principal component analysis to combine
four measures of behaviour near a novel object (latency to first approach within 60 cm
and 30 cm of the object, latency to take food near the novel object, total time spent within
30 cm of the object). Captive learning subjects are indicated by black bars.
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Table S2
Corticosterone (CORT) values of test subjects

Nestling baseline CORT (ng/ml)
Mean ± SE
Range
Adult corrected integrated
CORT (ng/ml  min)
Mean ± SE
Range

2012 Subjects

2013 Subjects

2.42 ± 0.45
0.67 – 4.62

2.99 ± 0.91
0.98 – 7.29

822.98 ± 107.91
260.84 – 1696.34

589.29 ± 55.65
297.87 – 854.46

Motivation
To assess whether motivation to obtain mealworms might confound performance
in learning trials, we measured latency to consume mealworms after trials had been
completed for the day on day 4 (motivation measure) for 18 out of the 22 individuals that
completed both initial associative and first reversal learning trials. Most individuals
approached the mealworms very quickly (mean ± SE = 28.2 ± 6.6 s, range 1–105 s, as
well as one outlier, 409 s, 3.9 SD from the mean). We used linear regression to compare
latency with initial and first reversal learning ranks, separately. There was no relationship
between latency to eat mealworms and performance in either initial learning (F1,16 =
0.051, P = 0.83, R2 = 0.003) or reversal learning (F1,16 = 2.53, P = 0.13, R2 = 0.14; Fig.
S2).
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Figure S2. Regression between motivation measure and learning ranks. A lower learning
rank indicates better performance. Filled circles, continuous line: initial learning; open
circles, dashed line: first reversal learning.
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Chapter 5. Conclusion
Recently, much attention has been given to individual differences, or personality,
in animals. While the existence of personalities has been documented repeatedly in a
wide-range of taxa, there are still many questions regarding the long-term nature of
personality and its effects on and relationships with stress physiology, survival, and
cognition. In my dissertation, I addressed these questions in free-living Florida scrubjays, Aphelocoma coerulescens.
In chapter 2, I examined the nature of neophobia in terms of long-term
repeatability and possible influencing factors. I also tested the traditional coping style
model by determining correlations between neophobia and another risk-taking behavior
and neophobia and physiological phenotype. Neophobia was repeatable in individual
scrub-jays over four years, and repeatability was similar in males and females. Males
were slightly bolder than females, and younger birds were slightly bolder than older
birds. However, breeding status, number of birds present in the group, novel object used
for the test, and year of the test were not significant factors in predicting neophobia.
Upon further analysis, the results suggest that individuals do not become more neophobic
with age, rather bolder scrub-jays may experience higher mortality. However, the
relationship between neophobia and survival is conditional upon hatch date, with high
survivorship for bold individuals hatched early in the breeding season. In testing
predictions of the traditional coping style model (Koolhaas et al., 1999), neophobia and a
non-novel risk taking behavior were both repeatable and correlated with each other
within individuals. However, I found no relationship between neophobia and stressinduced corticosterone. These results provide support for an updated coping style model
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that describes a more complex relationship between behavior and stress physiology than
the traditional model (Koolhaas, de Boer, Coppens, & Buwalda, 2010).
In chapter 3, I determined how a change in environmental risk may affect
neophobia. After scrub-jays were subjected to a standardized capture and restraint
protocol, designed to mimic a predation attempt, individuals displayed increased latencies
to approach a novel object. Further, physiological phenotype predicted neophobia after
capture. Scrub-jays with a low stress-response were more neophobic after capture than
individuals with a high stress-response. I suggest that high levels of corticosterone
exposure during capture in high stress-responders may facilitate memory consolidation of
the capture event, leading to a strong memory of the trap and capture event, whereas low
responders generalize the capture event to many aspects of their environment.
In chapter 4, I determined that there was a relationship between cognitive
performance and neophobia, in which bold individuals performed better on the
associative learning task, but neophobic individuals tended to perform better on the
reversal learning task. I also found that scrub-jays exposed to high levels of
corticosterone as nestlings performed worse on the associative learning task, but better on
the reversal learning task than nestlings with low corticosterone exposure. These results
support the hypothesis that individual variation in sensitivity to environmental stimuli
may underlie both personality and cognitive style (Sih & Del Giudice, 2012). The results
also add to the body of knowledge regarding the long-term effects of corticosterone
exposure in early life (Schoech, Rensel, & Heiss, 2011).
Personality affects the manner in which animals interact with biotic and abiotic
factors in their environment. The findings of this dissertation fill critical gaps in our
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knowledge regarding personality in free-living animals, and thus, will add to our
understanding of animal behavior. Additionally, the findings demonstrate that the Florida
scrub-jay is an excellent model species for addressing further questions about the causes
and consequences of personality.
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